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THESIS 
S u m m a r y 
The present thesis entitled "Modified Steroid and Phytochemical studies of 
Medicinal plants" consists of three parts.^Chapterffirsjl deals with the study of 
'Steroidal oxazolidinethiones,H^hapter^econ^deals with isolation and study of natural 
products and the third chapter is on mass spectral studies of steroidal 
benzothiazepenes. 
Chapter I : Steroidal oxazolidinethiones 
In,^ontinuation to our interest) in modified steroids and studies reported on the 
reaction of epoxides with p-fluorophenyl isothiocyanate to give oxazolidine thiones 
along with other products, tjjes4studies report the reaction of steroidal epoxide 5i*eh 
^ 5,6a-epoxy-5a-cholestane (LXI) /its 3p-acetoxy (LXXI) and 3p-hydroxy 
(LXXXV) analogues, with p-fluorophenyl isothiocyanate in DMF using lithium 
bromide as the catalyst under anhydrous conditions. The corresponding 
oxazolidinethiones alongwith other/products thus obtained have been characterized on 
the basis of their analytical and spectral analysis and mechanism for their formations 
are proposed. 
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Chapter n(A & B) : This gives a brief review of the chemistry of terpenoids and 
flavanoidic compounds and highlighting the recent advances in the analytical 
techniques applied to the isolation and structure elucidation of natural products. 
Chapter IIC: Phytochemical studies of Caryota urens 
Isolation and characterization of four compounds from the leaves of Caryota urens as 
follows. 
1, 5-Methyl-n-hexatriacontane 
CH3 
CH3-(CH2)29-CH2—CH—(CH2)3-CH3 
Mol. Comp. : C37H76 
M.W. 520 
M.P. : 60-62 °C 
Crystallized from Chloroform-Methanol 
Structure elucidation is based on the basis of chemical reaction , and spectral studies 
IR, 'H-NMRand Mass. 
2. Urs-12-en^3p-oli30-oic acid (Dulanoic acid) 
COOH 
Mol. Comp. : C30H48O3 
M . W ^ 4 5 6 
M.P.: 285-287 °C 
Crystallized from Methanol 
Structure elucidation is based on the basis of chemical reaction and spectral studies, 
UV,IR,'H-NMRand Mass. 
Ac20/pyridine —> Monoacetate 
Diazomethane —> Monomethyl ester 
Jones oxidation —• Ifflainoic acid 
Ti 
3, Olean la, 3p, 9a, 22a-tetraoI-12-en-28-oic acid -3p-D-gIucopyranoside (New 
triterpenoid). 
COOH 
H OM 
Mol. Comp. : C36H58O11 
M.W. : 666 
M.P . : 258-259 °C 
Crystallized from Chloroform-Methanol 
Structure elucidation is based on the basis of chemical reaction and spectral studies, 
UV, IR, ' H - N M R . ' ^ C N M R . 
4. OIean-3a, 22p-diol-12-en-28-.oic acid-3-O-P-D-glucopyranosyl (l->4)-P-D-
glucopyranose (New triterpenoid). 
H OH 
Mol. Comp. : C42H6gOi4 
M.W. = 796 
M.P. : 233-235 °C 
H OH 
Crystallized from Chloroform-Methanol 
Structure elucidation is based on the basis of chemical reaction and spectral s^ Jjj4f^ , 
UV,IR, 'H-NMR.'^CNMR. 
Chapter III Mass spectral studies of steroidal benzothiazepines. 
This chapter deals with the studies on mass fragmentations under electron 
impact of easily accessible steroidal benzothiazepines such as 5a-cholestan [4a, 6-
bc]-2',3'-dihydro-r, 5'-benzothiazepine (I), 3p-ethanoyloxy-5a-cholestan [4a, 6-bc]-
2',3'-dihydro r,5'-ben20thiazepine (II), 3p-propanoyloxy-5a-cholestan [4a, 6-bc]-
2',3'-dihydro l',5'-benzothiazepine(III), 5a-cholestan[5,7-bc]-2',3'-dihydro f,5'-benzo-
thiazepine(IV), 3p-ethanoyioxy-5a-cholestan[5,7-bc]-2',3'-dihydro 1,5'-benzothiazepine 
(V), 3p-chloro-5a-cholestan [5,7-bc]-2',3'-dihydro I'.S'-benzothiazepine (VI), and 5a-
cholestan [2a, 4a-bc]-2',3'-4', 5'-tetrahydro-r,5'-benzothiaze-pine-6-one (VII). 
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Mechanism of fragmentation for the formation of significant ion peaks are 
proposed to established spectra-structure relationships. 
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Summary 
The present thesis entitled "Modified Steroid and Phytochemical studies of 
Medicinal plants" consists of three parts. Chapter first deals with the study of 
Steroidal oxazolidinethiones, chapter second deals with isolation and study of natural 
products and the third chapter is on mass spectral studies of steroidal 
benzothiazepenes. 
Chapter I : Steroidal oxazolidinethiones 
In continuation to our interest in modified steroids and studies reported on the 
reaction of epoxides with p-fluoropheny! isothiocyanate to give oxazoiidine thiones 
along with other products, these studies report the reaction of steroidal epoxide such 
as 5,6a-epoxy-5a-cholestane (LXI) its 3p-acetoxy (LXXI) and 3p-hydroxy 
(LXXXV) analogues, with p-fluorophenyl isothiocyanate in DMF using lithium 
bromide as the catalyst under anhydrous conditions. The corresponding 
oxazolidinethiones alongwith other products thus obtained have been characterized on 
the basis of their analytical and spectral analysi^and mechanism for their formations 
are proposed. 
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Chapter II(A & B) : This gives a brief review of the chemistry of terpenoids and 
flavanoi(fe^ompounds and highlighting the recent advances in the analytical 
techniques applied to the isolation and structure elucidation of natural products. 
Chapter IIC: Phytochemical studies of Caryota urens 
Isolation and characterization of four compounds from the leaves o{ Caryota urens as 
follows. 
1. 5-Methyl-n-hexafriacontane 
CH3 
CH3-(CH2)29-CH2—CH—(CH2)3-CH3 
Mol. Comp.; C37H76 
M.W. 520 
M.P. : 60-62 °C 
Crystallized from Chloroform-Methanol 
Structure elucidation is based on the basis of chemical reaction , and spectral studies 
IR,'H-NMRand Mass. 
2. Urs-12-ene, 3p-ol 30-oic acid (Dulanoic acid) 
COOH 
Mol. Comp.: C30H48O3 
M.W. = 456 
M.P. : 285-287 °C 
Crystallized from Methanol 
Structure elucidation is based on the basis of chemical reaction and spectral studies, 
UV, IR, ' H - N M R and Mass. 
Ac20/pyridine -^ Monoacetate 
Diazomethane —> Monomethyl ester 
Jones oxidation —> Ifflainoic acid 
IV 
3. OleanMa, 3p, 9a, 22a-tetraol-12-en-28-oic acid -3p-D-gIucopyranoside (New 
triterpenoid). 
COOH 
H OH 
Mol. Comp.: CseHssOu 
M.W. : 666 
M.P.: 258-259 °C 
Crystallized from Chloroform-Methanol 
Structure elucidation is based on the basis of chemical reaction and spectral studies, 
UV, IR, ' H - N M R . ' ^CNMR. 
4. OIean-3a, 22p-diol-12-en-28-oic acid-3-O-p-D-glucopyranosyl (l->4)-p-D-
glucopyranose (New triterpenoid). 
H OH 
Mol . C o m p . : C42H68O14 
M.W. = 796 
M.P.: 233-235 °C 
H OH 
Crystallized from Chloroform-Methanol 
Structure elucidation is based on the basis of chemical reaction and spectral studies, 
UV, IR, ^H-NMR. '^CNMR. 
Chapter III Mass spectral studies of steroidal benzothiazepines. 
This chapter deals with the studies on mass fragmentations under electron 
impact of easily accessible steroidal benzothiazepines such as 5a-cholestan [4a, 6-
bc]-2',3'-dihydro-r, 5'-benzothiazepine (I), 3p-ethanoyloxy-5a-cholestan [4a, 6-bc]-
2',3'-dihydro r,5'-benzothiazepine (II), 3p-propanoyloxy-5a-cholestan [4a, 6-bc]-
2',3'-dihydro l',5'-benzothiazepine(III), 5a-cholestan[5,7-bc]-2',3'-dihydro l'5'-benzo-
thiazepine(IV), 3p-ethanoyloxy-5a-cholestan[5,7-bc]-2',3'-dihydro 1,5'-benzothiazepine 
(V), 3p-chloro-5a-cholestan [5,7-bc]-2',3'-dihydro l',5'-benzothiazepine (VI), and 5a-
cholestan [2a, 4a-bc]-2',3'-4', 5'-tetrahydro-l',5'-benzothiaze-pine-6-one (VII). 
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Mechanism of fragmentation for the formation of significant ion peaks are 
proposed to established spectra-structure relationships. 
CHAPTEE I 
OXAZOLIDINE THION 

Oxazolidine thiones are the important class of Heterocyclic compounds 
containing at least one five membered ring having non adjacent oxygen and nitrogen 
atoms joined by a thione group. Such compounds are also shown to have varied 
biological activities''^ which caused interest of the chemists to synthesize such 
derivatives. A few reports of interest are outlined below. 
The compound 5-vinyl oxa2olidine-2-thione (I) initially isolated from natural 
sources has been synthesized by treatment of 1,2-oxides with ammonia and carbon 
disulphide in alcoholic KOH^. 
CH2=CH-CH-CH2 ^ NH3 f CS^ ^^Q"' ' ^ Q ^ CH^^CH-CH-CH, 
V / O NH 
Y 
s 
(1) 
Reaction of propargyl alcohol and phenyl isothiocyanate results in the formation of 
isomeric products 4-methylene N-phenyloxa2olidine-2-thione (II) and (III)^. 
CH2 _J^^' 
H - C H C - C H 2 - O H + Ph-N=C=:S >• 0 N - P h + 0 \ / S Y T 
S N 
I 
Ph 
(II) (III) 
An aqueous solution of a-(l-aminoethyl) benzyl alcohol (noreph^^cffin) -*ji'^r wt^^ ^ 
hydrochloride and potassium hydroxide react with carbon disulphide in ice cold 
dioxan to yield 4-methyl-5-phenyloxazolidine-2-thione (IV)* recently prepared by 
using different catalyst^. ^ 
[C\^l H5C6 CH3 
NH2HCI V. ^^  ^ \ 
I KOH 
C H 3 - C H - C H - O H + CS2 - r — r O. NH 
C6H5^D11J^^ 
dioxan Y 
S 
(IV) 
l-Aryloxy-3-aminopropan-2-ol (V-X) and carbon disulfide in ethanolic 
potassium hydroxide afforded 5-aryloxymethyloxazolidine-2-thiones . 
R-C6H4-O-CH2-CH-CH2-NH2 + CS2 S R-C6H4-O-CH2-7 V 
' 8 hrs J^ \ ,„ 
OH * ^ \ / ^ " Y 
(R) 
(V) H 
(VI) CH3 
(VII) CH3O 
(Viu) a 
(IX) CF3 
(X) NO2 
Chanon et al." reported the preparation of corresponding oxazolidine-2-
thiones (XII) by stirring the aminoalcohols (XIa-e) with carbon disulfide in anhydrous 
dimethyl sulphoxide containing a small amount of KOH. Similar results are reported 
in presence 
Ri 
a. H 
b. H 
c. H 
d. H 
of metaj/as catalyst. 
R4 
1 
R3—C—OH 1 
R2—C-NH2 
1 
Ri 
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R2 R3 
H H 
H H 
H CH3 
CH3 H 
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>-
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R3, R2 
R 4 - - ) — ( - R i 
R4 
H 
CH3 
CH3 
H 
S 
(Xlia-e) 
e. CH3 CH3 H H 
The cyclic condensation of l-(4-amino phenoxy)-3-amino propan-2-ol with 
carbon disulfide in presence of KOH afforded 5-(4-aminophenoxymethyl) 
oxazolidine-2-thione (XIII)'^. 
O-CH2-CH-CH2 0-CH2-y y 
OH NH2 X * ^ \ / ^ ^ 
n cs 
KOH 
NH2 
S 
(XIII) 
The condensation of trimethylsilyl methyl isothiocyanate with benzaldehyde 
in presence of catalytic amount of n-tetrabutyl ammonium fluoride (n-Bu4NF) give 
5-phenyl oxazolidine-2-thione (XIV)^ '* 
O \ . 
(CH3)3SiCH2-N=C=S + Ph—C-H ""^^^^ >, O NH 
n 
s 
(XIV) 
Similar reaction of bis (trimethylsilyl) methyl isothiocyanate with 
benzaldehyde in presence of n-Bu4NF yielded 4-trimethyl silyl-5-phenyl oxazolidine-
2-thione (XV) and styryl isothiocyanate (XVI), while tris (trimethyl silyl) methyl 
isothiocyanate gave (trimethyl silyl) styryl isothiocyanate (XVII) and 4-benzyl-5-
phenyl-4-oxazolidine-2-thione(XVIII)'\ 
Ph^  SiMe3 
(Me3Si)2CH-N=C=S ^^ J^ " " 6 ^ UH + Ph—CH==CH-N=C=S 
n— BU4NF X ^ 
S (^VI) 
(XV) 
O Ph N=:C=S 
n-BuiNF / \ 0. N^ 
H SiMe3 Y 
S 
(XVII) (XVIII) 
3-phenyl oxazolidine2-thione (XIX) can be obtained from alkene by 
employing a one pot cobalt complex catalyzed aerobic epoxidation, followed by its 
cleavage with trimethyl silyl isothiocyanate'^ 
Ph 
Ph—CH=CH2 + (CH3)3Si-N-C=S ^ o N-H 
Y 
s 
(X\X) 
Mcfarland et al.''* reported that the reaction of /?-toluene^sulfonyl 
isothiocyanate with 2-chloro-ethanoI afforded (XX) which was then converted to N-
(p-toluene sulfonyl) oxazoIidine-2-thione (XXI) in presence of pyridine. 
o o 
II CH2C1 II 
CH3—CfiHi—S--N=C=S + •- CH3—CeHi—S-'NHCS0-CH2-CH2-C1 N CH,OH M 
(XX) 
Pyridine 
O^ N—S—C ^)—CH3 Y o 
s 
(XXI) 
Reaction of nickel dilhiocarbamate complex with Hg(n) or Ag(I) ions 
16 
afforded N, 4-dimethyl-5-phenyl-oxazolidine-2-tliione (XXII) . 
CHa CH3 s CH3 CH3 \ / 
CH-^-C^Xp-^-j" ^^^"^^^^i^^ 0 ^ \ l - C H 3 
CH-OH ^ S HO-CH Y 
Ph Ph S 
(XXII) 
Isothiocyanates when treated with n-Bu3SnO(CH2)2-^ the corresponding N-
substituted iminooxanthiolanes (XXIII-XXV) and oxa2olidine-2-thiones (XXVI-
XXVIII) were formed'^ 
CH2-CH2 CH2-CH. 
/ \ / \ 
n—Bu3SnO(CH2)2-X + R-N=C=S *• 0 S + O^ N-R 
X = Cl/Br/I 
N-R 
R R 
(XXIII) Ph (XXVI) Ph 
(XXIV) PhCH2 (XXVII) PhCH2 
(XXV) Me (XXVIII) Me 
Oxazolidine-2-thiones (XXIX) and (XXX) were synthesized by the reaction of 
2-methyl-3-butyn-2-ol with phenyl isothiocyanate and bromo phenyl isothiocyanate 
respectively in the presence of catalytic amount of sodium hydride using|N,N-
dimethyl formamide (DMF) as the solvent'^. ^ WL-AAV^'^^ • 
C"3 " ' ^ ^ 
HCSC-C-OH + Ph-N=C=S - ^ O^ ^ N ^ \ I DMF 
CH3 
(XXIX) 
HC=C—C—OH + Br 
CH3 
H3C-J ^ 
DMF \ / \ — / 
Br 
S 
(XXX) 
Treatment of 16a, 17a-epoxypregnenone J ethylcarboxyhydrazone with 
thiocyanic acid afforded iminooxathiolane (XXXI)'^. 
NNHC02Et 
II 
C—CH2OH 
HSCN 
NNHC02Et 
II 
C—CH2OH 
NH 
(XXXI) 
Similar reaction of (XXXIIa-b) with thiocyanic acid and ethyl amino 
carbamate afforded (XXXIIIa-b)'l 
HO 
NH2NH 
" NNHCOaEt 
a. 
b. 
(XXXIIa-b) 
R 
H 
Ac 
(XXXHIa-b) 
4(S)-Methylcarboxy oxazolidine-2-thione (XXXIV) and 4(R)-methyi carboxy-
oxazolidine-2-thione (XXXV) were obtained when a suspension of L- and Di serine 
methyl estei'hydrochloridqs'in THF ^ ^ d d e d to triethylamine at room temperature. 
20 followed by addition of carbon disulfide and heating tho contents under reflux . 
HO 
/ 
R 2 
NH2HC1 
R' 
^„ THF,Et3N / \ 
+ CS2 '-^^ 0 . NH 
R' R^  
R ' = H/C02Me 
R^ = C02Me/H 
(XXXIV) H C02Me 
(XXXV) C02Me H 
o 
Bis-(ethylcarboxyhydrazone) (XXXVI) and 16a, 17a-epoxy oxazolidine 
thione (XXXVII)^' were formed by the reaction of 3pr21-dihydroxy-20,20-
dimethoxy-16a,17a-epoxypregn-5-en-20-one with pyridine thiocyanate in the 
presence of ethyl aminocarbamate. 
HO 
CH2OH 
pMe 
C OMe 
0 j. " NHsNHCOjEt 
HO 
CHiOIi 
= NNHC02a 
S 
O i^  
E1CO7NH 
(XXXVI) 
(XXXVII) 
ShafiuUah et al.^ ^ reported the formation of steroidal isothiocyanates (XXXVIII-
XL) and 5p-cholestano [5, 6a-d] oxazoIidine-2'-thiones (XLI-XLIII) by the reaction of 
5,6a-epoxy-5-cholestane with aliyl isothiocyanate in the presence of AICI3. 
C.H R"n 
CH2-N=C=S 
CH 
II 
R = OAc/ Cl/H R 
(XXXVIII) OAc 
(XXXIX) CI 
(XL) H 
R 
(XL I) OAc 
(XLII) CI 
(XLIII) H 
Reaction of steroidal epoxides with I-phenyl-IH tetrazole-5-thiol in presence 
of lithium bromide afforded spiro-oxathiolane phenyl dihydrotetrazoles (XLIV-
XLVII )2 \ 
CsHn 
SH 
+ P h - N >JH 
\ / 
R = H/OH/CI/OAc 
LiBr 
DMF 
R 
(XLIV) H 
(XLV) OH 
(XLVl) CI 
(XLVIl) OAc 
c . \ ^ ' 
The reaction of methyl epoxypsters, methyl 4 0,11-epoxy undecanoate and 
methyl cis-9,10-epoxy octadecanoate with the tetrazole-5-thiones in presence o{ 
lithium bromide gave the corresponding spirocompounds (XLVIII - L) . 
R—CH—CH—R + 
\ / 
O 
N —N 
/ \ 
N N 
R-
LiBr 
H DMF, reflux 
R ' — C H - C H - R ^ 
/ \ 
R \ 
N 
O 
N 
H 
\ / 
N = N 
(XLVIIIa) 
(XLVIIIb) 
(XLIXa) 
(XLIXb) 
(La) 
(Lb) 
R^  
H 
H 
Me(CH2)7 
(CH2)7C02Me 
Me(CH2)7 
(CH2)7C02Me 
R^  
(CH2)8C02Me 
(CH2)8C02Me 
(CH2)7C02Me 
Me(CH2)7 
(CH2)7C02Me 
Me(CH2)7 
R^ 
Ph 
P-F-C6H4 
Ph 
Ph 
P-F-C6H4 
P-F-C6H4 
Methyl-10, ll-epoxyundecanoate when allowed to react with an equimolar 
quantitiy of p-fluorophenyl isothiocyanate in presence of catalytic amount of lithium 
bromide in DMF under reflux, afforded 5-(8-methyl^carboxyoctyl) oxa2oiidine-2-
thione (LI), 3-p-fluorophenyl-5-(8-methylK;arboxyoctyl) oxazoIidine-2-thione (LII) 
and 2-p-fluorophenylimino-5-(8-methyl*carboxyoctyl) oxathiolane (LIII). Allyl 
isothiocyanate reacted similarly with methyWO,ll-epoxyundecanoate and yielded 
3-allyl-5-(8-methyl-carboxyoctyl) oxazoIidine-2-thione (LIV) and 2-allyl imino-5-(8-
methylcarboxy octyl) oxathiolane (LV)^^ 
CH2 C H - R 
N K O 
S 
(LI) 
CH, C H - R 
\ / 
0 R = (CH2)8COOMe 
R!—NCS^DMF 
LiBr 
CH2 C H - R 
R'-N .0 
¥ 
S 
Y
1 _ 
CH2-
S Y 
C H - R 
O 
N - R 
(Lil) R' = p-F-C6H4 (LIII) R' = p-F-C6H4 
(UV) R ' = _ C H 2 - C H = C H 2 (LV) R' = - C H 2 - C H = C H 2 
Reactioa of the 6-a[nino-6-deoxy aldoses with thiophosgene give 
corresponding the (5R)-5-(L-tetrafuranos-4-yl) oxazolidine-2-thioiies (LVJ - LVIJI) '^. 
HCLH2N-^ 
H O - Y W O H 
HO OH 
CSCb 
S 
n 
CI—C—HN-
HO* 
H O. _,H,OH 
HO OH 
D— Maimose 
R',R^=H,OH,R^ = H 
Oxazolidinethione (LIX) can be prepared by the reaction of p-amino alcohols 
in the presence of stoichiometric quantities of carbon disulphide in a low alkaline 
medium, for a limited reaction timd 
On the other hand, thiazolidinethione (LX) were prepared under drastic 
conditions by operating in more basic medium with an excess of carbon disulphide 
and for a long reaction time^^. 
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Epoxides are known'"^ to react with p-fluorophenyl isothiocyanate to give 
oxazolidine thiones along with other products.ihe fact that some of these have shown 
biological activity and very few such derivatives are reported in the steroidal series, 
-HI 
expected to be,more important for such studies, prompted us to carry out similar 
reactions with suitable steroidal substrates. 
In the present study 5,6a-epoxy-5a-choIestane (LXI) its 3p-acetoxy (LXXI) 
and 3p-hydroxy (LXXXV) analogues have been taken as substrates and the products 
thus obtained have been characterized ofMbe-basis-o^ their analytical and spectral 
analysis. 
O 
R 
(LXI) H 
(LXXI) OAc 
(LXXXV) OH 
Reaction of 5.6a-epoxv-5a-cholestane (LXI) with p-fluordDhenvI isothiocyanate: 
cholest-4-en-6-one (LXII) and 5a-cholestano^(5,6a:5\4')-3'-(p-fluoroDhenvi) 
oxazo!idine-2'-thione (LXIII). 
5, 6a-Epoxy-5a-cholestane (LXI) ^as allowgdJ^ react with p-fluorophenyl 
isothiocyanate in dimethyl formamide under anhydrous conditions catalysed by LiBr. 
After work up and column chromatography the resulting mixture afforded two 
fractions as solids m.p. 110° C & 13rC. 
C»H 8^17 
(LXl) (LXll) (LXIll) 
Characterisation of the compound m.p. nO°C. 
The compound m.p. 110°C analysed for C27H44O excluded the possibility of 
incorporation of the reagent and suggested it to be a case of simple xearrangement of 
Lide eivins kett 
impie xearr 
epoxid  g g one. The m.p., m.m.p. 110*^ C and the (co t.l.c.^ identified this 
compound as cholest-4-en^-6-one (LXII). 
Characterization of the compound, m.p. 131° as 5a-cholcstano |5, 6a: 5\ 4*]-3'-
(p-fluorophenyl) oxazolidine-2' thione (LXIII). 
The compound, m.p. 131 ° was analysed for C34H50NSF. Presence of nitrogen, 
sulphur and fluorine suggested it to be the expected oxazolidine. On the basis of 
elemental composition and oxazolidine ring being present eight possible isomeric 
structures can be written as (LXIII-LXX). 
(LXIII) 6a 
(LXIV) 6p 
(LXV) 6a 
(LXVl) 6p 
(LXVII) 5a 
(LXVIII) 5P 
(LXIX) 5a 
(LXX) 5P 
20 
The i.r. spectrum of this compound displayed significant peaks at 1570, 1510, 
1480, and 1070 cm'\ The band at 1570 cm'^  indicated phenyl group which is expected 
in all the structures but the peaks at 1510 and 1480 cm"' characteristic^^ of oxazohdine 
thione easily discarded the possibilities LXV, LXVI, LXIX and LXX with the imino 
structures. 
The n.m.r spectrum showed a multiplet at 6 6.7 for four protons can be 
assigned to aromatic hydrogens while another multiplet at 6 3.3 suggested it to be 
C6-H and the nitrogen is attached to C-6 discarding the possibilities LXVII and 
LXVIII. Halflband width 7 Hz of this signal suggested the proton to be equatorial and 
p thus rendering the nitrogen as axial and a discarding the possibility LXIV. The 
methyl protons signals were observed^^ at 5 1.28, 0.93,0.83 and 0.7. 
In view of the foregoing discussion the compound m.p. 131°C can best be 
formulated as 5a-cholestano[5,6a:5',4']-3'-(p-fluorophenyl) oxazolidine-2'-thione 
(LXIII) which finds supports from the mechanism of its formation^^ as shown in 
Scheme 1. 
6^^ ^ 
Li 
(LXIIl) 
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Reaction of 3B-acetoxv-5. 6a-eDoxv-5a-cholestane (LXXI) with p-fluorophcnyl 
isothiocynate: 3B-Acetoxv-7a-bromo-5a-cholest-6-one (LXXU), 3B-acetoxv-5a-
cholcstano (5,6a: 4 \ 5']-2'-iminooxathiolane (LXXIII^ 3B-acetoxv-5a-cholcstano 
f5,6a: 5\4')-3'-(D-fluoronhenvl) oxazolidine-2'-thione (LXXIV) and 3B-acetoxv-
5B-cholestano 15, 6a: 4',5'l-3'-(D-fluoronhenvl) oxazolidine-2'-thione (LXXV): 
The epoxide (LXXI) was allowed to react with p-fluorophenyl isothiocyanate 
in the manner described earlier for (LXI). The usual workup and evaporation of the 
solvent gave an oily residue which on colunrn chromatography afforded 3 fractions (i) 
solid m.p. 143°C (ii) another solid m.p. 194°Cand(ii i)a/oiir" Vi^fl^'^^ 
AcO 
AcO 
(LXXIl) 
AcO AcO 
+ 
O 
N-H 
(LXXIII) 
(LXXV) 
Characterization of the compound m.n, 143°C as 33-acetQxv-7a-bromo-5a-
Cholestan-6-one (LXXIH: 
The compound m.p. 143°C gave a positive Beilstein test and aniaysed for 
C29H4703Br. Absence of Nitrogen, Sulphur & Fluorine showed that it is not a product 
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of the expected reaction and the reagent is not incorporated. The positive Beilstein test 
and analysis suggested it to be a bromoketone with acetate moiety intact. This is 
supported by the i.r. spectrum giving bands at 1732 and 1712 cm'' suggesting two 
carbonyl chromophores along with other bands at 1240, 1032 (C-0) and 780 (C-Br) 
cm"' showing that acetate is p oriented and halogen is present. 
The n.m.r. spectrum gave signals at 8 4.62 as multiplet (Wl/S = 16 Hz) for C-
3 a hydrogen while the signal at 5 4.18 for 1 proton as a doublet with J value of 7 Hz 
suggested that the"^ is attached to carbon (C7) having bond with electronegative)atom 
Br. A doublet is easily accounted if we consider to be C7-pH as in structure (LXXIl). 
On the basis of these it can be identified 3p-acetoxy-7a-bromo-5a-ChoIestan-6-one 
(LXXII) and its formation can be explained as epoxide (LXXI) giving the rearranged 
3p-acetoxy-5a- Cholestan-6-one (LXXVI), which undergoes a-bromination to give 
the product (LXXII) directly or via the 5a-bromo isomer (LXXVII) as an 
intermediate^'. 
S"!? 
-Kni7 
AcO 
Characterization of the compound m.p. 194'^ C as 3B-acetoxv Sg-cholcstano 
f5,6a:4\5']-2'-iminooxathiolane(LXXnn. S^  
Compound m.p. 194^ C obtained as a single ^uifty analysed for C30H49NSO3 
supported by molecular ion at m/z 503 in its mass spectrum. The composition is 
suggestive of the reagent being incorporated but the phenyl ring is lost during the 
formation of the product. 
On the basis of composition and considering the possible reaction several 
isomeric structures (LXXIII, LXXVIII-LXXXIV) can be suggested for this 
compound. 
1 ^ 
AcO AcO AcO AcO 
(LXXIII) 5a 
(LXXVIII) 5p 
(LXXIX) 6a (LXXXI) 5a 
(LXXX) 6p (LXXXII) 5p 
(LXXXIII) 6a 
(LXXXIV) 6p 
The i.r. spectrum showed bands at 3475 (N-H), 1730 (C=0), 1700, ] 185 cm'' 
characteristics of oxathiolane ring along with 1255 and 1020 cm"' for p-acetate. The 
presence of band at 3475 for N-H and absence of aromatic band around 1600 further 
supported that phenyl group is lost during the course of reaction. 
Further more bands at 1700, 1185 cm*' for oxathiolane ring discarded the 
possibilities (LXXXI-LXXXIV) which are expected to display band at 1510 & 1480, 
not observed in the spectrum. \ „ i 
The n.m.r. spectrum of the compound (^gedi in selecting the structure 
(LXXIII) in preference over (LXXVII, LXXIX and LXXX). The singlet at 6 8.0 for 
24 
one protonjSupportedHhe presence of N-H the multiplet with Wl/2 = 20 Hz at 6 5.1 
coulS-be assigned to the C3a-H and decided that ring junction A/B is trans thus 
discarding the structure (LXXXII). A broadened singlet at 6 4.72 could be accounted 
best by the structure (LXXIII) when C6-proton is p-oriented rendering the oxygen as 
a-oriented. The structures (LXXIX and LXXX) are expected to-give this proton at 
slightly higher field. 
Therefore, the compound m.p. 194° can best be characterized as 3p-acetoxy-
5a-cholestano [5,6a:4',5M-2'-iminooxathioline (LXXIII) and its formation is 
suggested in Scheme-2. 
Characterization of oil as a mixture of 3B-acetoxv-5a-cholestano [5, 6a:5\ 4'1. 3'-
(p-fluoronhevn oxazolidine-2'-thione (LXXIV) and 3B-acetoxv-56-cholestano 15, 
6a: 5', 4'l-3'-(p-fluorophenvn oxazolidine 2'-thione (LXXV): 
The oil which could not be resolved further showed the presence of two 
components and therefore, considered as a mixture of isomeric compounds. The 
analysis for C36H52NSO3F clearly suggested that it is a result of expected reaction and 
the reagent is incorporated. 
The i.r. spectrum of this oil displayed bands at 1725, 1625, 1520-1500, 1240, 
1205, 1020 and 833 cm"' indicated the presence of acetate, p-substituted benzene and 
oxazolidine ring. 
The n.m.r. spectrum gave a multiplet at 6 6.95 for four protons can be assigned 
to the four aromatic hydrogens. Two multiplets at 6 5.55 and 5.12 both accounting for 
1 proton with W1/2 as 7 Hz and 20 Hz respectively suggests that this oil is a mixture 
having ring A/B cis and trans junction. Another couple of multiplets at 5 4.12 and 3.5 
with W1/2 as 19 Hz & 18 Hz respectively could assigned to p oriented protons at C6 
25 
which is attached to oxygen and nitrogen respectively as in structures [LXXV and 
LXXIV] respectively. The methyl protons give singlet at 6 2.02, 1.01, 0.85, 0.77 and 
0.65. 
In light of the foregoing discussion the oil can best be considered as a mixture of 
3p-acetoxy-5a-cholestano [5,6a:5',4'],' 3'-(p-fluorophenyl) oxazolidine-2'-thione 
(LXXIV) and 3p-acetoxy-5p-cholestano [5,6a:5',4']-3'-(p-fluorophenyl) oxazolidine 2'-
thione (LXXV). Formation of these compounds is suggested as shown in Scheme 2. 
26 
CRH 8ni7 
Scheme - 2 . ^^"^ . . e ^ V - ^ ^ 
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Reaction of 3B-hvdroxv-5,^6a-enoxv-5a-cholestane (LXXXV) with p-fluoro-
phenyl isothiocvanate:33-hYdroxY5a-cholestanof5,6B:5',4')-3'-("p-fluoronhenvn 
oxazolidine-2'-thione (LXXXVl), 3B-hvdroxv-5l3-cholcstano(5,6a:4\5')-3'-fp-
fluorophenyl) oxazolidine 2'-thione (LXXXVIH and 3B-hvdroxv 5a-cholestano 
(5.6a: 5', 4'V3YD-fluoronhenvn oxazoUdine-2'-thiQne (LXXXVIin. 
The epoxide (LXXXV) when allowed to react with p-fluorophenyl-
isothiocyanate in presence of LiBr under anhydrous conditions, on usual workup and 
chromatographic separation afforded two fractions, solid m.p. 184°C and an oil. 
(LXXXVI) (LXXXVIi) 
O I 
(LXXXVIII) 
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Characterisation of the compound, m.n. 184° as 33-hvdroxv 5a-cholcstano (5, 
6B: 5'.4'V3'' f n-fluoronhenvn oxazolidine-2'-thionc (LXXXVU 
The recrystallised compound, m.p. 184° showed it to be a single entity by t.i.c 
and analysed for C34H50O2NSF. The composition clearly indicated incorporation of 
the reagent and leads to many possible isomeric structures (LXXXVl-XLIII). 
R 
(XUI) 5a H/C6H4F 
(XLIII) 5P H/C6H4F 
HO 
(LXXXVI) 6p 
(LXXXVIII) 6a 
(LXXXVII) 5p 
(LXXXIX) 5a 
(XL) 6a 
(XL!) 6p 
R 
H/C6H4F 
H/C6H4F 
The i.r. spectrum of this compound m.p, 184°C gave bands at 3275, 1610, 
1525-1507, 1170, 1020 and 835 cm-'. The band at 3275 shows that the hydroxy group 
is intact while the band, at 1610 showed the presence of aromatic rings which can be 
accommodated by all the above structures. But a broad band at 1525-1507 cm'' and 
absence of bands at 1700 & 1190 suggested it to be oxazolidine ring hence discarding 
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the thiolane ring structures (XL-XLIII). The formation of this compound as 
(LXXXVI) in preference over (LXXXVII-LXXXIX) is based on its n.m.r. spectrum 
which gave the following signals. 
The multiplet at 5 7.0 for 4 protons can be assigned to aromatic hydrogens. 
Another multiplet at 6 5.52 with Wl/2 = 20 Hz suggested that it is for C-3a proton 
and the ring junction A/B is trans thus discarded the possibility (LXXXVII) with 
more feasibility of structures (LXXXVI and LXXXVIII) in which the epoxy oxygen 
remains intact at C5. The doublet at 62.87 for on proton can be ascribed to C6-proton 
as in structures (LXXXVI) and (LXXXVIII) but the Wl/2 = 4 Hz suggested it to be 
a-oriented ascribable in structure (LXXXVI). Other signals as singlets at 5 1.02, 0.83, 
0.75 and 0.55 are ascribed to methyl protons. 
In the light of foregoing discussions the compound m.p. 184°C can best be 
characterised as 3p-hydroxy-5a-cholestano[5,6p:5',4']-3'-[p-fluorophenyl) oxazoli-
dine-2'-thione (LXXXVI). 
Characterisation of the oil as a mixture of 3P-hvdroxv-5P-cholestano [5.6a;4\5'l-
3'-(D-fluorophenvnoxazolidinc-2'-thione (LXXXVII) and 3B-hvdroxv>5P-choIes-
tanor5.6a:4',5'1-3'-(p-nuoroDhcnvnoxazolidine-2'-thione(LXXXVIin. 
The oil obtained was shown to be mixture of compounds with closely related 
Rf under the conditions and could not be resolved further. In its i.r. spectrum it 
displayed bands at 1612 and 830 cm"' which indicated that the reagent moiety is 
present most likely in both the compounds. Further the band at 3375 ascribable to the 
hydroxy group leads to various possibilities (LXXXVI-XLIII). 
The n.m.r. spectrum was complex and supported it to be a mixture and the 
peaks can be accounted by considering it to be a mixture of (LXXXVII) and 
(LXXXVIII). Multiplet at 66.97 for four protons can be ascribed to aromatic 
30 
hydrogens. A couple of multiplets at 64.7 and 4.5 with Wl/2 as 7 Hz and 18 Hz 
respectively can be ascribed to C3a-H in (LXXXVII, equatorial, ring junction A/B 
cis) and (LXXXVIII; axial, A/B trans) respectively. Another couple of multiplets for 
one proton at 6 4.12 and 3.26 with Wl/2 as 11 Hz and 10 Hz can be assigned to C6a-
H in (LXXXVIII) and (LXXXVII) respectively. Singlets at 61.15, 0.97, 0.85, 0.8 and 
0.65 are due to the methyl protons. 
Therefore this oil can best be characterised as mixture of 3p-hydroxy-5p-
cholestano [5,6a: 4',5']-3'-(p-fluorophenyl) oxazolidine-2'-thione (LXXXVII) and 3p-
hydroxy-5a-choIestano-[5,6a:5',4']-3'-(p-fluorophenyI)oxazolidine-2'-thione (LXXXVIII). 
The formation of these compound (LXXXVI-LXXXVIII) can also be 
explained according to the mechanisms as shown in Scheme 1 and 2. 

All the melting points are uncorrected, I.R. spectra were determined in 
KBr/CCU with a 408 Shimadzu Spectrophotometer. NMR spectra were run in CDCI3 
on a Varian FT80A instrument with TMS as internal standard. T.L.C. plates were 
coated with silica gel and sprayed with 20% aqueous solution of perchloric acid or 
exposed to iodine vapours. Light petroleum refers to a fraction of b.p. 60-80°C. I.R 
values are given in cm"'. NMR values are given in ppm (s, singlet; d, doublet; t, 
triplet; br, broad). 
36-chlorocholest-5-ene:-
Freshiy purified thionyl chloride (75 mi) was added gradually to cholesterol 
(100 g, 259.06 mmol) at room temperature. A vigorous reaction ensured with the 
evolution of gaseous product. When the reaction slackened, the mixture was gently 
heated at a temperature of 50-60 °C on a water bath for 1 hour and then poured into 
cold water with constant stirring. The yellow solid thus obtained was filtered under 
suction, washed thoroughly with cold water and air dried. Recrystallization from 
acetone gave 3p-chlorocholest-5-ene (94 g, 89.71%), m.p. = 95° (reported^^, m.p. 96-
97°) 
Cholcst-5-ene:-
3p-chIorocholest-5-ene(10 g^  24.72 mmol) was dissolved in warm amyl 
alcohol (250 ml) and sodium metal (20 g) was added to the solution with constant 
stirring over a period of 8 hours. The reaction mixture was warmed occasionally when 
all the sodium metal was dissolved. The reaction mixture was poured into the water, 
acidified with hydrochloric acid and then allowed to stand overnight. A white 
crystalline solid thus obtained was filtered under suction and washed thoroughly with 
water and air dried. Recrystallization from acetone gave cholest-5-ene (7.5g, 81.98%), 
m.p. 94-95° C (reported", m.p. 95° C). 
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5, 6a-Epoxv-5a-cholestane fLXl>. 
Cholest-5-ene (4 g, 10.8 mmol) in chloroform (100 ml), was treated with a 
solution of perbenzoic acid (1.1 mol equivalent) in chloroform and kept at ~ 0 °C for 
20 hours. The mixture was then washed with cold sodium bicarbonate solution (5%), 
sodium thiosulphate solution (5%) and water. Evaporation of the solvent yielded an 
oil, which was recrystalUzed from acetone gave 5, 6a-epoxy-5a-cholestane (LXl )(2.5 
g, 59.92%), m.p. 75° (reported^\ m.p. 74-75°). 
Reaction of 5, 6a-enoxv-5a-cholestane (LXI) with n-fluorophenvl isothiocvanate: 
cholest-4-en-6-one (l,Xn) and 5a-cholestano [5, 6a: 5'. 4'l-3'-(p-fluoronhenvn 
oxazolidine-2'-thione (LXIII). -y 
A solution of 5, 6a-epoxy-5a-cholestane (LXI) (2g, 5.18 mmol) in dimethyl 
formamide (40 ml) was mixed with an equimolar amount of /?-fluorophenyl 
isothiocyanate (0.78 g) and catalytic amount of lithium bromide at ambient 
temperature. The reaction mixture was shaken for 10 minutes and then refluxed under 
-"afifiydro^conditions) for about 3 hours and tbtffi progress of the reaction was 
monitored by t.l.c.When the reaction was almost complete the reaction was poured 
into cold water and the organic matter was extracted with ether. The ethereal layer 
was washed with water, aqueous NaHCOs (5%), water and dried over sodium 
sulphate. Evaporation of the solvent gave semi solid ( ^2.5 g) as a mixture which was 
subjected to column chromatography over silica gel (50 g). Elution with light 
petroleum : ether (20: ll) gave a solid which was recrystallized from methanol and 
identified as cholest-4-en-6-one (LXII) (0.8 g, 2.08 mmol) m. p. & m.m.p.^^ 110°C. 
Further elution with light petroleum:ether (4:1) afforded the oxazolidine 
K 
thione (LXIII) as a solid which was recrystallized from methanol (0.75 g, 1.3 mmol) 
m.p. 131°C. 
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Analysis found : C, 75.58; H, 9.24; N, 2.55 
C34H50ONSF requires: C, 75.69; H, 9.27; N, 2.59%. 
Vmax 1570 (aromatic), 1510, 1480 (oxazolidine thione), 1070 (C-0) cm"'. 
5 6.7 (4H, m, aromatic), 3.3 (IH, m, C6-PH), 1.28. 0.93, 0.83 and 0.7 (methyl 
protons). 
3P-Acctoxv-5, 6a-enoxv-5a-cholestane (LXXI):-
3p-Acetoxycholest-5-ene (4 g, 9.34 mmol) in chloroform (35 ml) was treated 
with a chloroform solution of perbenzoic acid (1.1 mol equivalent) and kept at 0 °C 
for 20 hours, this mixture was then washed with cold sodium bicarbonate (5%) water, 
sodium thiosulphate solution and again with water and dried over anhydrous sodium 
sulphate. Evaporation of the solvent afforded a solid which was crystallized from 
acetone to give the epoxide (LXXI) (2.6 g, 62.66%), m.p. 101°C (reported^^, m.p. 
lorc). 
Reaction of 3P-acetoxv-5, 6a-epoxv-5a-cholestane (LXXI) with p-fluorophcnyl 
isothiocvanate; 3B-acetoxv-7a-bromo-5a-cholestan-6-one (LXXIQ, 33-acetoxv-
5a-cholestano [5, 6a: 4\ 5'1-2-iminooxathiolane (LXXIII), 33-acetoxY-5a-
cholcstano [5, 6a: 5 \ 4'l-3'-(p-fluoroDhenvl)-oxazolidme-2'-thione (LXXIV) and 
3P-acetoxv-5B-cholestano 15, 6a: 4\ 5'l-3'-(p-fluorophenyn oxazolidine-2'-thione 
(LXXV): 
A solution of 3p-acetoxy-5, 6a-epoxy-5a-cholestane (LXXI) (Ig, 2.25 mmol) 
in dimethyl formamide (20 ml) was treated with p-fluorophenyl isothlocyanate (0.34 
g, 2.25 mmol) as described earlier with (LXI) and the reaction was monitored by t.l.c, 
when the reaction was almost complete in about 4 hours the usual work up and 
evaporation of solvent furnished an oily residue (0.9 g) which showed it to-bc-a^ 
, . v V 
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mixture of (compounds. The residue was subjected to column chromatography over 
/• ^l^ ry ' '"^'^ 
e was supjec 
silica gel and eluted with light petroleum : ether. 
Eluates with light petroleum : ether (20:3) yielded 3p-acetoxy-7a-bromo-5a-
cholestan-6-one (LXXII) as an oil (having traces of starling compound (LXXI)). This 
was recrystalised from methanol to afford the compound (LXXII) as solid m.p. 143°C 
(reported^^ m.p. 145'') (0.125 g 0.239 mmol). 
Analysis found : C, 66.54; H. 8.95 
Calculated for C29H47O3 Br : C, 66.53; H, 8.98% 
Vmax: 1732,1712 (2C=0), 1240.1032 (C-0), 780 (C-Br) cm'' 
8 4.62 (IH, m, C3-aH, Wl/2 = 16Hz), 4.18 (IH, d, C7-pH. J = 7Hz), 2.0, 0.95, 0.87, 
0.8 and 0.75 (other methyl protons). '^ /, / 
10-3// 
Further elution with the same solvents (20:6') gave a solid which was 
W 
crystallized from methanol to give 3p-acetoxy-5a-cholestano [5,6a: 4', 5']-2-
iminooxathiolane (LXXIII), (0.245 g, 0.48 mmol), m.p. 194°C. 
Analysis found : C, 71.53; H, 9.60; N, 2.74 
C30H49O3NS requires: C, 71.57, H, 9.74; N, 2.78% 
Vmax 3475 (NH), 1730 (C=0), 1700, 1185 (oxathiolane), 1255, 1020 (C-0), cm''. 
5 8.0 (IH, s, NH), 5.1 (IH, m, C3-aH, Wl/2 = 20 Hz), 4.72 (IH, brs, C6-PH), 2.02, 
1.07, 0.81, 0.74, 0.6 (methyl protons). 
Continued elution with light petroleum: ether (20:7) gave an oil (0.26 g) which 
showed presence of two compounds and could not be resolved on repeated 
chromatography and analysed as such and identified as a mixture of isomeric 
(LXXIV) and (LXXV). 
Analysis found : C 72.33; H, 8.67; N 2.30 
C36H52O3NSF requires C, 72.36, H, 8.71; N, 2.34% 
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Vmax: 1725 (C=0), 1625 (aromatic), 1520 -1500 (oxazolidine), 1240, 1205, 1020 (C-
O), 833 (p-disubstituted benzene) cm"' 
& 6.95 (4H, m, aromatic), 5.55 and 5.\2 (\H, m, C3a-H, W\/2 = 7 Hz and 20 Hz), 
4.12 and 3.5 (IH, m, C6P-H, •Wl/2 =19 Hz and 18 Hz), 2.02, 1.01, 0.85, 0.77, 0.65 
(methyl protons). 
3B-Hvdroxv-5.6a-enoxv-5a-cholcstane("LXXXV). 
Cholesterol (5g, 12.953 mmol) was dissolved in chloroform (10 ml) and 
freshly prepared perbenzoic acid solution (1 mol equivalent) was added to it. The 
reaction mixture was kept at ~ 0 °C for 24 hours. The reaction mixture was washed 
successively with sodium bicarbonate (5%), water, sodium thiosulphate solution and 
again with water and dried over anhydrous sodium sulphate. Evaporation of the 
solvent gave an oily residue which was crystallized from acetone to give 3p-hydroxy-
5,6a-epoxy-5a-cholestane (LXXXV) as needles (3.5 g, 67.27%), m.p. 140 
(repo^ted^^ m.p. 142°). 
Reaction of 3B-hvroxv-5,6a-eDoxov-5a^cholestane (LXXXV) with n-fluorophcnvl 
isothiocyanatc:3P-Hvdroxv-5a-cholestano [5,6B:5'.4'l-3'-(D-fluorophenvl) oxazo-
lidine 2'-thione (LXXXVa 3B-hvdroxv-5B-cholestane f5.6a:4\5'l-3'-(p-
fluorophenvl) oxazolidine-2'-thione (LXXXVltY and 3B-hvdroxv-5a-cholcstano 
f5.6a:5\4']-3'-(p-fluorophenvn oxazolidine 2'-thione (LXXXVIII). 
3p-hydroxy-5, 6a-epoxy-5a-cholestane (LXXXV) (Ig, 2.487 mmol) was 
dissolved in DMF (20 ml) and treated with p-fluoro phenyl isothiocyanate in the usual 
manner as described earlier. Usual work up and evaporation of solvent gave oily 
residue (--0.8 g) which was chromatographed over a column of silica gel (20 g). 
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Eiution with iighl petroleum : ether (LOr?) gave a soHd which was recrystalUzed from 
methanol to give (LXXXVI) (0.23 g), m.p. 184 ° C. 
Analysis found : C, 73.40; H, 8.9; N, 2.35 
C34H50O2NSF requires: C, 73.51, H, 9.00; N, 2.52%. 
v,^ ax : 3275 (OH), 1610 (aromatic, 525-1507 oxazolidine), 1170, 1020 (C-O), 835 
(p-disubstituted benzene) cm"'. 
5 7.0 (4H, m, aromatic) 5.52 (IH, m, C3-aH, Wl/2 = 20 Hz), 2.87 (IH, d, C6-aH, J 
= 4 Hz), 1.02, 0.83, 0.75 and 0.55 (methyl protons). • 
Further eiution with the same solvents (10:3) afforded an oil (0.35 g) as mixture of 
(LXXXVII) and (LXXXVIII) which could not be resolved further. 
Vmax: 3375 (OH), 1612 (aromatic), 1540-1510 (oxazolidine). 1015 (C-O) and 830 
(p-disubstituted benzene) cm"'. 
5 6.97 (4H, m, aromatic) 4.7 and 4.5 (C3-aH, Wl/2 = 7 Hz and 18 Hz), 4.12 and 
3.26 (IH, C6-PH, Wl/2 = 11 Hz and 10 Hz), 1.15, 0.97, 0.85, 0.8 and 0.65 (methyl 
protons). 
Continued eiution resulted in a unresolved niixture (--0.18 g) which was not 
studied further. 
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CHAPTEE11 
ISOLATION AND STUDY OF 
NATURAL PRODUCTS 


40 
Phytochemistry is^^oncemed w i ^ the enormous variety of secondary 
metabolites that are elaborated and accumulated by plants and deals with the isolation 
and chemical structures of these substances, biosynthesis, turnover and metabolism, 
natural distribution and biological functions. "Secondary metabolites may be defined 
as those natural products usually of plant origin, which do not function directly in the 
primary biochemical activities that support the growth development and reproduction 
of the organism in which they occur". These compounds represent the most useful 
substances for chemical plant taxonomy, furthermore, a number of secondary 
compounds are biologically active constituents,^asjhey are derived from the primary 
metabolisni? Plants secondary metabolites are not only useful as drugs or potential 
drugs in their natural unmodified form, but they are also suitable as synthetic 
intermediate gHbctafteee for the production of useful drugs. For example the readily 
available steroid, diosgenin from dioscorea spp. may be synthetically converted to 
steroids with anabolic, anti-inflammatory and oral contraceptive activities'. Secondary 
metabolites tend to be biosynthesised in specialized cell types, at only some ©t4he life 
§ti(ge of the plant and usually accumulated in much lower quantities than primary 
metabolites^. Among the secondary metabolites used as therapneutic agents are 
alkaloids, anthraquinone glycosides, cardiac glycosides and lignans whose 
biosynthetic precursors are respectively, amino acids, polypetptides, isoprenoids and 
shikimate-derived compounds^'^. 
Medicinal plants may be used as such or in the form of their extracts and 
chemical compoimds isolated from them to produce drugs for human and veterinary 
medicines. Medicinal plants were among the first from the kingdom of crude drugs 
(Plants, animals and minerals) to be-used by man and these account for 20% of all 
medicinal prescriptions in developed countries and for 80% in developing countries. 
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The World Health Organisation (WHO) has compiled a list of over 20, 000 
common medicinal plants used in different parts of the globe and many of them are 
known for th&ir properties in several countries for use against different malodies. 
India has been enduwed with a very rich flora due to the extreme variations in 
geographical and climatic conditions. It was natural, therefore, for those plant to have 
been used since ancient times for treatment of human ailments. The traditional system 
of medicines (Ayurveda, Siddha and Unani-Tibb) together with folklore medicines, 
still continues to serve, in spite of the advent of modem medicines, to a large portions 
of the population, particularly in the rural area. India is one of the twelve leading 
biodiversity centres with the presence of over 45,000 different plant species, of which 
about 15,000-20,000 plants have ^ff medicinal values. However, only 7000-7500 are 
used for their medicinal values by traditional communities. 
There is a growing interest in plants drugs, and as a result, the consumption of 
medicinal plants has doubled in last ten years in western Europe'. It seems certain that 
the continued scientific study of medicinal plants will afford a plethora of novel, 
structurally diverse bioactive compounds. 
The WHO has emphasised the utilization of indigenous system of medicine 
based on the ideally available raw materials i.e, medicinal plants. The current success 
of taxol, in particular should encourage additional industrial, academic and 
government laboratories to engage in research on the discovery and development of 
plant derived drugs. 
Several technological developments in the recent years offer additional 
possibility for the phytochemical aspects of the discovery of drugs from plants for 
example efficient extraction of plant material may now be under taken by using 
supercritical fluids such as CO2. The last decades have changed the outlook of natural 
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product chemistry as it has undergone explosive growth owing to advancement in 
isolation technique^ synthetic methods, physiochemical measurements and concepts. 
It is precisely the chemistry of natural products, which has fastened many of the new 
developments in those areas because of the variety of compound types available. We 
are now keenly aware that the intriguing problems, like isolation, structure elucidation 
and the total synthesis enables the organic chemists to direct their efforts towards new 
unexplored areas. Development of chromatographic techniques like High 
Performance Liquid Chromatography (HPLC), /Gas Chromatography (GC), Gas \ ^^ 
Liquid Chromatography (GLC),/Droplet Counter Current Chromatography (DCCC) 
>^' 
and Flash Chromatography (FC) etc have not only simplified but allowed rapid 
isolation and separation of intricate mixture of plants pigments, which were earlier 
obtained by classical methods but with lot of difficulties. The<oTscove^of powerful 
superconductivity magnets with very stable magnetic field large memory fast 
computer and new pulse NMR experiments have heralded the advent o^two 
d i m e n s i o n a n ^ R spectroscopy. These modem techniques have led to enormous 
growth in the fieM^ofnSnira^iroduct chemistry. 
Terpenoids . 
,- .W^^-^ 
The enormous range of plant substances are covered ^rthc-we«j "Terpenoid", 
a tcFffMrtte^-isTised-to-mdicate-that^hey liave a common biosythesis origin. Thus 
terpenoid are jiH bacad on the isoprene molecule and their carbon skeleton are built up 
from the union of two or more of these C5 units. They are classified according to 
whether they contain two (Cio), three (C15) four (C20), Six (C30) or eight (C40) such 
units. These compounds are typically found in higher plants, mosses, liverworts, algae 
and lichens, although some are found in insects or are of microbial origin. They are 
derived biogenitically from the C5 precursor isoprene and hence are also known as 
isoprenoids. The 5-carbon compounds is isopentenyl pyrophosphate. It is derived 
from mevalonic acid pyrophosphate by decarboxylation and dehydration. Isoprenoid 
synthesis then proceeds by the condensation of isopentenyl pyrophosphate with the 
isomeric dimethyl allyl pyrophosphate to yield geranyl pyrophosphate. Further 5-
carbon units are added by the addition of more isopentenyl pyrophosphate to give 
famesyl pyrophosphate. From geranyl and famesyl pyrophosphates various structures 
can be built )i/i (fig. I). Most natural terpenoids have cyclic structures with one or 
more functional groups (hydroxyl, carbonyl etc.). S#=ti»8t=ti*e pnal steps in the 
L ^  ^synthesis involve cyclisation 0^ oxidation or other structural modifications. 
Chemically^ terpenoids are generally lipid soluble and are located in the cytoplasm of 
the plant cell. They are normally extracted from the plant tissues with light petroleum 
ether or chloroform & can be separated by column chromatography on silica gel or 
alumina using b^mS non polar solvents alone or mixture in different ratios. 
44 
Central pathway for biosynthesis of terpenoids. 
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Figure 1 
Classification of terpenoids 
Monoterpenoid 
Structure type: 
Monoterpenoids have 42 different skeletal types . Most of the monoterpenoids 
skeletons are regular and arises by head to tail linkage of two isoprene units. 
Monoterpenoids are divided into two groups: -
1) Acyclicmonoterpenoids(Openchain) e.g. 11,12,13 
2) Cyclic monoterpenoids (Cyclic chain). 
The cyclic monoterpenoids are further classified as monocyclic (1, 2, 10) and 
bicyclic, (3, 4, 5, 6 ,1, 8, 9) depending upon number of rings. The monocyclic a-
terpeneol (1) and menthol (2), Umonene (10), the bicyclic fenchone (3), camphor 
(4), a-pinene (5), bomane (6), TJiujane (7), camphane (8), 2-carene (9), limonene 
(10) and the acyclic geraneol (11), binalol (12), myrcene (13) are skeletals type of 
commonly occurring monoterpenoids. 
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Sesquiterpenoids 
Structure type: 
Sesquiterpenoids have 100 different skeletal types. They are classified into 
four groups according to the number of rings present in the structur. 
1. Acyclic sesquiterpenoids 
2. Monocyclic sesquiterpenoids 
3. Bicyclic sesquiterpenoids 
4. Tricyclic sesquiterpenoids 
The acyclic famesene (14), the monocyclic bisabolane (15), elemane (16), 
humuJane (17), and germacrajie (18), the bicycJic cadinane (J 9), and eudesmane 
(20), the tricyclic cedrol (21), and longifolene (22) are the common skeletal types. 
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Diterpenoids:-
Structure type: 
Diterpenoids are classified into five groups on the basis of biogenetic principle: -
1. Acyclic diterpenoids 
2. Monocyclic diterpenoids 
3. Bicyclic diterpenoids 
4. Tricyclic diterpenoids 
5. Tetracyclic diterpenoids 
Among these classes acyclic diterpenoids viz, phytol (23), eleganolone (24), 
monocyclic, artemisin (25), retinol (26), and hydroxydilophol (27), bicyclic, 
cheltaphamane (28), tricyclic, rosane (29), tetracyclic, atisane (30), are the most 
common skeletal types. 
23 
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Triterpenoids: 
Triterpenoids are non steroidal secondary metabolites in the terrestrial and 
marine flora and fauna. They are colourless, crystalline, often high melting, optically 
active substances with lack of chemical reactivity. A widely used test is Liebermann 
Burchard reaction, which produces blue green colour with most triterpenoids and 
sterols. The carbon skeleton of triterpenoids is based on six isoprene units which are 
derived biosynthetically from a C30 hydrocarbon, squalene. 
Skeletons types of triterpenoids: 
• ft 
A large number of skeleta have been isolated from vanous sources . Some of 
the new structures, however, posses novel carbon skeleton^'' and represent unique 
biosynthetic end products'^. The majority of triterpenes possess the conventional 
skeleton arising from the cyclization of squalene-2,3-epoxide to fused polycyclic 
products. While triterpene with rearranged carboxylic(|k^etaliave ben isolated quite 
frequently, there are some whose 4^det^ are formed through extensive oxidation 
accompanied by various bond cleavages. Fevu^keletal types of triterpenoids are given 
as under. 
Oleanane (31), Gammacerane (32), Lupane (33), Dammarane (34), Glutane 
(35), Maiabaricane (36), Onocerane (37), Baccharane (38), Polypodane (39), 
spirosupinone (40), swertane (41), Pfaffane (42), Radermasine (43), Sorghumol (43), 
Rearranged Famane (44), Javeroic acid (45), Phellimic acid (46). 
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STRUCTURAL DETERMINATION OF TRITERPENOIDS BY 
SPECTROSCOPIC METHODS: 
Ultravoilet sncctrosconv: 
The ultravoilet spectroscopy is used in triterpenoids for the detection of 
conjugation. The UV spectrum of pentacyclic triteq>enoids in sulphuric acid shows a 
characteristic absorption maxima at 310 nm regardless of the substituent present. The 
hypsochromic shift in the UV spectrum associated with the 18p to 18a 
transformations, observed in the case of a-bosmellic acid has been proposed as a 
diagnostic technique in conformational analysis'^. 
Infrared spectroscopyrf^ 
IR spectrum of terpenoids has two important regions. Absorption bands in the 
region 3500-3650 cm"' and 2650-3350 cm*' are due to OH stretching and ^ H 
stretching respectively. Absorption in the region of 1640-1820 cm"' is attributed to 
C=0 stretching and it is possible to recognise saturated and conjugated esters, 
aldehydes, ketones, acids and lactones from the frequency of absorption maxima. 
IR studies are also used to make a distinction between tertiary equatorial (3613 
cm"') and axial (3617 cm'') hydroxyl group. For example secondary OH in methyl 
melaleucate absorbs at 3629 cm"' while its 3-epimer (axial, secondary) absorbs at 
3636 cm"'. 
IR spectra of 18a-H and 18p-H olean - 12-ene derivatives show that 18p-H 
compounds with an axial COOMe at C-20 absorb at 1165 and 1090 cm"', while the 
18a-H epimers absorb at 1117 cm'\ The 18p-H compounds with an axial CH2OH at 
C-20 absorbs at 1210 - 1205 cm"' whereas 18a-H epimer absorbs at 1193 - 1189 cm"'. 
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' H - N M R snectroscopv' 
' H - N M R spectroscopy is a great help in structure elucidation of triterpenoids. 
' H-NMR not only gives chemical shift information that identifies the presence of 
methyl ester, OH group and vinyl protons but also provides valuable stereochemical 
informations via coupling constant. For example, in 3p-0Ac, H-3 is doublet of 
doublet with J = 8 and 5 Hz, while for 3a-0Ac it is a triplet with J=3 Hz. In addition 
to this, H-NMR is also used in determining the configuration of 2,3idihydroxy, 2,3, 
23-trihydroxy and 2,3,24-trihydroxy substituent in terpenoids'^. In 3p-23 diol the 
primary carbinol proton resonates at 5 3.4 and 6 36.5 while in 3p, 24-diol they 
appear'^ at 8 3.75 and 4.15. 
Heteronuclear Correlation Snectroscopy [HETCQRI C ' ^ - ' H : 
Heteronuclear correlation spectroscopy is one of the most powerful 2D 
experiments'*"^^. It provides connectivity between '^ C and ' H signals and also give 
the number of hydrogen atoms attached to individual '^C atom. The long-range 
HETCOR experiments help to detect connectivity mediated by two or three bonds 
(frequently) and provides important information about the molecular structure. An 
indirect ' ^C- 'H shift correlated pulse sequence XCOREF (x-nucleus correlation with 
fixed evolution time)^' has been proposed for unambiguous assignment of '"'C spectra 
of triterpenes. The ability of XCOREF to distinguished two and three-band 
cormectivity is particularly useful in completing the assignments of carbons which 
shows no methyl ' H cross peaks. As terpenes have many methyl groups, long range 
C- H correlation spectra are very useful for assigning '"'C NMR data of these 
compounds. 
Reynold, et al.^ ^ introduced further improvements on the basis of shift 
correlation sequence by incorporating two additional BLRD (Bilinear rotation 
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decoupling). This techniques leads to significant improvement in sensitivity over the 
basic sequence, outstanding suppression of one bond connectivity and partial ' H - H 
Mass Spectrometry'. v " 4 
Mass spectrometry is the most powerful tool for the establishment of the 
skeleton and location of double bond in the pentacyclic ferpenoids^^"^ .^ 
A'^-Oleanencs and urseneaf7 
The most characteristic fragmentation of all compounds of this class is by 
retero-Diels-Alder reaction in ring C (Scheme 1), where by the charge remains in the 
diene portion 'a', charge retention with other fragment 'b' can be observed to some 
extent, but usually of minor importance. The substitution in ring A and B does not 
change the mass of the fragment a, while alteration in rings D and E results in the 
appropriate mass shifts. Thus unsubstituted parent hydrocarbon P-amyrin (1) and 
methyl p-hoswellonate (11) give fragments with the mass unit m/z 218, while the 
isomeric ester methyl oleanonate (III) which carries the carbomethoxy group at C-17 
exhibits fragment ion at m/z 262. Ion 'a' is further fragmented (Scheme 2) to give 
ion C. This fragmentation involves the loss of C-17 substituent. This cleavage 
necessitates a double hydrogen transfer to yield a highly conjugated allylic cation 'd'. 
Ion 'c' suffers further decomposition by the loss of 70 mass units yielding a fragment 
which is not very abundant in most cases but whose genesis can easily be determined 
by the presence of an appropriate metastable ion. This cleavage is probably due to the 
partial loss of the ring E yielding the highly stablised ion e'. 
28-Nor-A'^ '^"* oleanenes 
28-Nor-A'^ *'*^  oIeanen-3-one (IV) and the corresponding alcohol (V) exhibit their 
most abundant fragmentation to give m/z 163 (g) due to retero-Diels-Alder reaction 
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involving the opening of ring D(Scheme 3) with the formation of an intermediate ion 
(f). C9/C11 (next to the tertiary carbon) and C11/C12 (allylically activated) can be 
further cleaved. Rupture of C9/C11 bond is observed because the resulting ion (g) 
rearranges to the more stable species (h). The other strongest peak in 28-Nor-A' '^ ^ 
oleanenes (IV & V) appears at m/z 191 (i) which comprises ring D and E and formed 
by rupture of the Cn/Cu and Cg/Cn bands (Scheme 4). This type of fragmentation is 
also important in A13 *—triterpenes. 
A -oleanene 
This class exhibits a pronounced loss of the C-17 substituent due to the allylic 
activation by A'**'^^ double bond (VI & VII). This unsaturation is too remote to 
influence the major break down of the ring system and general fragmentation pattern 
resembles with the saturated compounds. 
Cleavage of ring C yields fragments (j) (Scheme -5). While an ion (k) 
comprising the right hand portion of the molecule is formed by the same type of the 
cleavage without hydrogen rearrangement forms. Ion k is an energetically unlikely 
radical ion which undergoes rearrangement with formation of other double bond or 
ring. Ion K furthei losses C-17 subslhuent to give ion (1). 
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The flavonoids, one of the most numerous and widespread groups of the 
naturally occurring constituents, are important to man not only because they 
contribute to plant colour but also because many members (e.g. coumestrol, phloridin, 
rotenone) are physiologically active . 
The structure and features of flavonoids considered to be of importance in 
biological functions are (i) presence of an extended conjugated resonating system 
with a carbonyl chromophore (ii) presence of aromatic hydroxyl group which lead to 
ability of flavonoids to interact with certain enzyme systems and (iii) the molecular 
shape which is responsible for their physiological activity due to similarity in 
structure to the animal hormones^. 
With the extensive screening programmes of plant products for anticancer 
drugs'*^ it is not surprising that claims have been made that flavonoids may contribute 
to or be effective in combating certain types of cancer^. Numerous other physiological 
and biological activities have been attributed to them*" .^ The main group of flavonoids 
that are well known to possess oestrogenic activities are the isoflavones, such as 
genistem'^. 
Flavonoids can act as antispasmolytic agent by relaxing smooth muscles in 
various parts of the mammalian body". Quercetin 3-glucoside and rutin induced a 
concentration dependent inhibition of the spontaneous contractions of rat ileum'^. 
Flavonoids may also exhibit useful (antibacterial^activity. Several flavonoids 
have been shown to have potential as (fiepatoprotectiye' agents , such as 
dihydrokaempferol - 3-rhamnoside and 5,7,3*,5' - tetrahydroxy" ^flavanonol - 3-
rhamnoside''*. 
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Three diprenyl isoflavones, 6,8-diprenyl genistein, 6,3'-ciiprenylgenistein and 
derrisisoflavone were found to be active antifungal agents against tlie(1iuman 
.14 pathog^, trichophyton mentagrophytes . 
A recent survey of literature showed that flavonoids field is still very popular 
to the chemists and enhancing their interest in isolating new flavonoids and testing 
them for physiological activities. A large number of naturally occurring new and 
novel flavonoids are added to the literature every year. Few of the recently isolated 
flavonoids are hsted for ready reference to the studies reported in the thesis. 
(1). Flavonoid 5-glucosides. 
Yasumori Tamura et al' ^  have isolated quercetin 5,4'-di-0- p - D -
glucopyranoside (1) and quercetin 5,7,4'-tri-0-p-D glucopyranoside (2) together with 
the known quercetin 5-0-p-D-glucopyranoside (3) from the cocoon shell of the 
silkworm, Bombyx mori. 
(2). Isoflavone. 
K.S. Krishnaveni et al.'^ have isolated a new isoflavone (4) from the 
heartwood of Pterocarpus santalinus. Based on spectral methods, the structure of the 
new compound was elucidated as e-hydroxy-?, 2', 4',5'-tetramethoxy isoflavone. 
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MeO OMe 
(3). Methylene dioxy flavonol. 
Eliane O. Ferreira", has isolated 3,5,3'-trihydroxy-4'-methoxy-6, 7-methylene 
dioxy flavone (5) from aerial parts of Blutaparon portulacoides. 
OCHq 
(4), Flavonol glycosides. 
1 St 
MsoSii^- Gohar et al. have isolated two new triglycosides Kaempferol-3-0-
(4-p-D-apiofuranosyI)-a-L-rhamnopyranoside-7-0-a-L'rhamnopyranoside (6) and 
Kaempferol-3-0-(4-p-D-xyIopyranosyl)-a-L-rhamnopyranoside-7-0-a-L-rhamno-
pyranoside (7) from Chenopodium murale. 
OH 
(6). R|=Api 
(7). Ri-Xyl 
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(5). Biflavanone « 
4& Jayaprakasam et al.'^ have isolated a new biflavanone, 7,7"-di-0-methyl 
tetrahydrohinokiflavone (8) together with tetrahydrohinokiflavone (9) from stem of 
Cycas beddomei. 
R O . 7 ^ . ^ 8a ^ O . L 
^r^r 
(8), R = Me 
(9). R = H 
OH 0 
(6). Acylatcd flavonol glycosides (A.F.G.) , 
*SR3ilBSt Mahmoud et al.^ ^ isolated two new acylated flavonol rhamnosides 
Meamsetin 3-0-(4"-0-acetyI) a-L-'C4-rhamnopyranoside (10) and Myricetin 3-0-
{4"-0-acetyl-2"-0-galloyl) a-L-^C4 rhamnopyranoside (11) from Eugenia jambolana 
leaves. Structures were confirmed using negative ESI-MS, ID and 2D NMR analysis. 
(10). R, =Me, R2 = H, R3 = - OCCH3 
(II). Ri=H, R3 = -COCH3 
R. = 
OH OR2 
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(7). Coumarovl flavonol glycosides. 
Yuping Tang et al.^' reported isolation of coumaroyl flavonol glycosides 
Isorhamnetin 3-0-a-L-[6'"-p-coumaroyl (p-D) glucopyranosyl (l,2)-rhamnopyran-
oside] (12) and Kaempferol 3-0-a-L-[6"'-p-coumaroyl (p-D) glucopyranosyl (1,2)-
rhamnopyranoside]-7-0-p-D-glucopyranoside (13) from Ginkgo biloha. 
O H ^ ^ O H 
(12) R i=H R2 =OMe 
(13) Ri = glc R2 =H 
(8). Cytotoxic isoflavones. 
Augustin E. Nkengfack et al.^ ^ Isolated 2'-hydroxy-5, 4'-dimethoxy-2", 2"-
dimethyl pyran-[5",6": 6, 7] isoflavone (14) and 5,7 dihydroxy-6-(y,y-dimethylally)-8-
(2"'-hydroxy-3"'-methyIbut-3"'-enyl)-4'-(r"-hydroxy-methylpentacosanyl)isoflavone 
(15) from the stem bark oiErythrina indica. 
0CH3 
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(15) 
J 
(CH2)23-CH3 
(9). 0-Gallovl-C-glvcosvl-flavonei 
- ^ a S ^ ^ Latte et al3^ isolated 2"-0-gaUovylvitexin and 2"-0-gaUoylorientin 
from the aerial parts of Pelargonium reniforme. ^ 
<i?. 
HO. 
W 
' , 0 H 
OH O 
(16)R = H 
(17) R = OH 
(10). Isoflav-3-ene. 
; ^ j ^ Yenesew et al.^'' reported the isolation of 7,4'-dihydroxy-2'-methoxy-6-
(1", l"-dimethyl allyl) isoflav-3-ene (18) from the root bark oiErythrina burttii. The 
structure was determined •aaibeJbafiiairf spectroscopic evidence. 
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(18) 
(11). Pyrano isoflavone s 
Siegfried E. Drewes et al.^ ^ isolated pyrano isoflavone 5, 2'-dihydroxy-[(6",6" 
-dimethylpyrano(2",3":4',5')] [(6"', 6"'-dimethyI pyrano (2'",3"': 7, 6)]-isoflavone (19) 
from Eriosema kraussianum. 
(12). Isoflavonoid sulphate. 
Damrongkiet Arthan, et al. isolated an antiviral isoflavonoid sulphate torvanol 
(20) from the fruits oi Solarium torvum. 
O ^ O H 
MeO 
OMe 
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(13). Flavanoncs. 
yi^^0^ Lo et al.^ ^ isolated flavanone euchrenone [5J-dihydroxy-8-(y-Y-
dimethyl alIyI)-[6'", 6"'-dimethyl-4'", 5"'-dihydropyrano-(2"', 3"': 4', 3')] flavanone] 
(21) from the roots of Euchresta formosana. The structure was established by 
spectral evidence. 
OH O 
(21) 
(14), Prenvlated Flavonoids 
2S 
^Bonan El-Masry et al. isolated prenylated flavonoid 5,7,2'-trihydroxy-4'-
methoxy-5'-(3"-methyl but-2"-enyl) isoflavanone (22) from the stem bark of 
Erythrina lysistemon. 
HO. 7 
OH O 
HO" 2 ^ ^ OCH3 
3' 
(22) 
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(15). Isoflavonoids ^ 
Hitoshi Tanaka et al.^ ^ isolated isoflavonoids erypoegin 'C 5,7,4'-trihydroxy-
2'-methoxy-5'-(3"-methyl but-2"-enyI) isoflavone (23) and erypoegin 'D' 5,4'-
dihydroxy-7»2'-dimethoxy-5'-(3"-niethyl but-2"-enyl) isoflavone (24) from the roots 
of Erythrina poeppigiana. 
R. 7 
CHjO": ^ ^ 4 OH 
3 
(23) R = OH 
(24) R = 0CH3 
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In the present study, we have tried to carry out systematic chemical 
investigations of some important medicinal plants with a view to charaterised their 
chemical components preferably flavonoids, which could be the starting point for 
chemists who are mainly concerned with pharmacological and clinical aspects of the 
herbal drugs. 
Since mainly the spectroscopic techniques, u.v., i.r, 'H-nmr, '"'C-nmr and mass 
have been used in the identification and structure elycidation of the products isolated 
from different plants during the course of this worK, a short review of each technique 
has been briefly discussed. 
I. Infra Red Snectroscopv: The ir spectrum in practice, plays an important role and 
offers the first clue to the nature of the compound. It provides a valuable information 
of functional groups in a molecule. 
In case of flavonoids, ir measurements are helpftil in providing evidence for 
the presence of (a) pyrone ring (b) chelated hydroxyl groups (c) the gem dimethyl 
groupings. The substitution pattern of the benzene ring can be inferred from bands in 
the 690-800 cm''. Such evidence is helpful in distinguishing between flavonoids and 
coiunarins. IR spectroscopy has mostly been used to adduce corroborative evidence. 
The ir spectra of flavones show the carbonyl band"''' at 1660 cm"' owing to the 
conjugation with olefinic double bond. Introduction of a hydroxyl group at 5' position 
does not alter the band position appreciably. LuteoHn and apigenin show the carbonyl 
bands at 1655 and 1650 cm"Lrespectively^'. 
The ir spectrum of unsubstituted flavanone shows the carbonyl absorption at 
1680 cm"', the standard values for aromatic ketones. The shift of carboxyl band to 
1620 cm" in 5-OH flavanone is largely due to chelation. Consequently, methylation 
of the 5-OH produces only a small frequency shift. The existence of chelation is 
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however, clearly demonstrated by the absence of the hydroxyl bands at the usual 
position in 5-hydroxy compounds. Apparently it comes to lie in the -OH stretching 
region and is thus obliterated. A similar high frequency shift of 4' substituted 
flavanone is attributed to intermolecular hydrogen bonding . The ir spectra of 
isoflavone are similar to those of fiavones. Another interesting feature of the ir 
spectra of flavones is that the carbonyl frequency is independent of the substitution 
pattern in ring A and B and is effected only by the introduction of a hydroxyl at 
3-position . 
The infrared spectra of triterpenes have got much resemblance with the 
spectra of the steroids. However, in C-3 ketones of the series of steroids, the C-2 and 
C-4 methylene groups absorb near 1420 cm'' while in the corresponding 3-oxo 
triterpenes, the C-2, methylene group absorbs near 1430 cm"', a C-11 methylene in 
12-0X0 steroids absorb at 1434 cm'' whereas the same group in 12-oxo triterpenes 
absorbs close to 1420 cm"'. Cole and coworkers" '^' have summarized the positions of 
carbonyl bonds, ethyienic double bonds''^ and the equatorial or axial nature of the 
hydroxyl groups in triterpenic compounds , in the ir region. 
As a result of infrared spectroscopic studies it might be possible to make a 
distinction between tertiary equatorial (3613 cm'') and axial (3617 cm"') hydroxyl 
groups, on this basis the band at 3629 cm'' (CCI4) in methyl melaleucate"*^ (24) has 
been assigned as equatorial secondary, while its 3-a epimer, obtained by oxidation 
of the ketone (24) and subsequent reduction gives a bond at 3636 cm'' due to axial 
secondary nature of OH group. 
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H3COOC 
(24) 
II Ultra Violet Spectroscopy. 
UV spectroscopy has become a major technique for the structure analysis of 
flavonoids for two main reason. The first is that only a small quantity of pure material 
is required. The second reason is that the structural information obtained about 
flavonoids from UV is considerably enhanced by the use of specific reagents which 
react with one or more functional groups on the flavonoid nucleus. The addition of 
these reagents separately to an alcoholic solution of the flavonoid, induces structurally 
significant shifts in the UV spectrum. The commonly used shifts reagents^^ are 
sodium methoxide (NaOMe), sodium acetate (NaOAc), sodium acetateA)oric acid 
(NaOAc/HsBOj), aluminium chloride (AICI3) and aluminium chloride/hydrochloric 
acid (AICI3/HCI). 
The UV spectra of most flavonoids consists of two major absorption maxima, 
one of which occurs in the range 240 -285 nm (band II) associated with ring A 
benzoyl system (25) and second at higher wavelength (band I), occurs in the range of 
320-380 nm associated with ring-B cirmamoyl absorption (26)"'^ . 
Substitution in ring-B specially at 4' stabilizes the cinnamoyl chromophore 
resulting in a red shift of band I whereas, substitution in ring-A has a similar effect on 
the position of band II. The presence of a free hydoxyl group at C-5 and C-3 positions 
is established by measuring the spectra in the presence of AICI3 . Compounds having 
a free 5-hydroxyl group absorb at higher wave length and methylation of this 
hydroxyl group brings about a blue shift of 1-15 nm of both bands. The hydroxyl 
groups at C-7 and 4' positions are more acidic than others and their occurrence is 
established by red shifts of band I and II on the addition of fused sodium acetate . 
The presence of hydroxyl group at 4' position is also confirmed by a large red shift in 
band I without a decrease in intensity on the addition of sodium methoxide^^. The 
presence of ortho dihydroxy groups in ring A and ring B is indicated by a red shift in 
band I in the presence of AICI3/HCI and sodium acetateAjoric acid respectively. 
In flavanones and isoflavones, due to the absence of cinnamoyl chromophore 
the high wave length band is either totally absent or present only as inflection. Thus it 
is difficult to distinguish between flavanones and isoflavones with the help of UV 
spectrum alone. The UV spectra of biflavonoids are very similar to those of 
monoflavonoids with the only differences that the molecular extinction coefficient (e) 
of the biflavonoids is approximately double as compared to the corresponding 
V. 
monoflavonoids. This demonstrates the presence of two isolated chromophores of 
flavonoids per molecule of biflavonoids. 
IUM Nuclear Magnetic Resonance ( ' H N M R ) Spectrosconv: 
Since flavonoids compgands contain, in general, very few protons, nuclear 
magnetic resonance spectroscopy is a useful tool in. the structural elucidation of this 
class of compounds. By the use of 'H -nmr studies of silyl derivatives'"^, double 
irradiation techniques'*'^, solvent induced shift studies'*'**"'*^  and lanthanide induced 
44 4e^^^ 
shift studies (LIS), one can -come to the structure of flavonoids without tedious and 
time consuming chemical degradation and synthesis. 
The valuable contribution in this field have been made by Batterham & 
Highet^^ Mabry"^ Massicol'*'''^ Clark-Lewis'*^ Kawano'"*'''^fPeUer and Rahman^^"^^ 
' H - N M R spectroscopy is ^ * i ^ ^ helpful in determining the substitution pattern of 
flavonoids. The most commonly occurring hydroxylation matter) in natural flavonoids 
is 4',5,7-trihydroxy system(27). 
OH O 
(27) 
OH 
' H - N M R signals in trimethyl silylated flavonoids^^ normally occur between 
> k<XI>^ 
0 and 9 ppm. The Chemical shifts of the proton of ring A and B/pfov^ to be 
independent of each other but are affected by the nature of ring C. 
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The signals arising from ring-A protons in most flavonoids occur upfield from 
those of ring B protons, and are readily recognised. Different types of substitution in 
ring A among the flavonoids and their effects on the proton signals can be discussed 
as follows. 
i) H-5. H-6 and H-8 signals in 7-oxygenated flavonoids: 
The additional C-5 proton in these compounds is strongly deshielded by the 4-
keto group and its signal appears at a very low field (6 8.0): it appears as a doublet 
(J= 9Hz) due to ortho coupling with H-6. The signals for H-6,[a^dd (q, J = 9 Hz and 
2.5 Hz) and for H-8, d doublet (d, J = 2.5 Hz) occur at lower field than in the 5,7-
dihydroxy flavonoids and may even reverse their position relative to one another. 
ii) H-6 and H-8 signal in 5,7-dioxvgenated flavonoids;-) 
The two ring-A protons, H-6 and H-8 give rise to two doublets (J=2.5 Hz) in 
the range 6 5.7 - 6.9 in flavones, flavonols and isoflavones. The H-8 doublet occurs 
consistently downfield than the signal for H-6. The doublets for H-8 and H-6 are also 
clearly distinguished from each other by their widely different paramagnetic induced 
shifts. Depending upon the nature of the substituents, the chemical shifts may vary 
accordingly. For instance when a sugar is attached to the oxygen at C-7, the signal for 
both H-6 and H-8 are shifted downfield. \ \ x. Cv \ \. " '^^  
iii) H-6/H-8 signal in/5r^8/5,6CT^isubstituted flavonoids; 
' H - N M R provides the-Jigqxu^ite information for differentiating 6 or 8 
substituted isomers off 5,^,8/5,6l7Mrisubstituted flavonoids with a high degree of 
surity. Horowitz and Gentili were able to ik»tp the structure for the two isomers of 
vitexin, viz. Vitexin and isovitexin. The H-6 proton signal appears at about 6 0.2 - 0.3 
upfield than H-8 signal. 
All ring-B protons appear around 8 6.7 -7.9, a region separate from the usual 
ring -A protons. The signal for the aromatic protons of an unsubstituted ring B in a 
flavone appears as a broad peak centered at about 67.45. The presence of ring-C 
double bond causes a shift of 2',6' protons and the spectrum shows two broad peaks, 
one centered at 6 8.00 (2',6') and the other at =^ 57.6 (3',4^5')''^ The presence of 
substitution in one or more positions causes a distinct change. 
i) H-2',6* & H-3\ 5' signals in 4' oxygenated flavonoidsg? 
With the introduction of 4'-hydroxyl group the ring B protons appear as a 
typical four peaks pattern of two doublets called A2B2 pattern (J= 8 Hz, each). The H-
3' and H-5' doublet always occurs upfield as compared to the H-2',6' doublet. This is 
attributed to shielding effect of the oxygen substituent and to the deshielding 
influence of ring C functions on H-2' and H-6'. The position of H-2' and H-6' signal 
also depends to some extent on the oxidation level of ring C. 
ii) H-2', H-5' and H-6' signals in 3',4'-dioxvgenated flavonoids : 
The 'H-nmr spectrum of 3',4'-dioxygenated flavonoids gives the normal ABX 
pattern. The H-5' proton in flavones and flavonols in such system appears as a doublet 
centered between 6 6.7 and 7.1 (J = 8 Hz) and the H-2' and H-6' signals which often 
overlap, usually between 5 7.2 and 7.9. 
iii) H-2' and H-6' signals in 3\4\5'-trioxvgenated flavonoids : 
In 3',4',5'-trihydroxylated flavonoids H-2' and H-6' are equivalent and appear 
as a two protons singlet in the range of 6 6.5-7.5. Methylation shifts the signal to 
downfield by about 1 ppm when the compound is analysed in DMS0-d6. 
iv) H-2 and H-3 signals in flavanoncs and flavanonols: 
The spectra of flavanones (saturated heterocyclic ring) contain typical ABX 
pattern multiplets arising from the C-2 proton and the two C-3 protons. The C-2 
proton is spUtted by the C-3 protons into a doublet of doublet (J^s ^ 5 Hz, Juans ^ 11 
Hz) and occurs near 6 5.2, the precise position depending on the substitution of nng-
B. The two C-3 protons occurs as two quartets (Jn-Sa, n-3b = 17 Hz) at 5 3 0. However, 
they often occur as two doublets since two signals of each quartet are of low intensity. 
The C-2 proton in dihydroflavonols appear near 6 4.9 as a doublet (J =11 Hz) 
coupled to the C-3 proton which appears at about 5 4.2 as doublet '^*. 
Hydroxy nrotonsa^ 
The position of hydroxy! groups in flavonoidsA:annot be detected by H-nmr 
spectra of their trimethyl silylated derivatives and thus(^can't be used for their 
detection>The 'H-nmr spectra of parent compound in DMS0-d6, however, can give 
-gdttd information for the dotectiow fff phenolic hydroxyl protons. The hydroxyl 
protons of 3,5,7;^rihydroxyl flavone give three signals at 6 12.40 (5-OH), 6 10.93 
(7-OH) and 5 9.70 (3-OH)^^ 
Sugar Protons:e^ 
The sugar protons in the flavone glycosides are denoted as C-1", C-2" protons 
• ^ 
and so on) while as the protons of the terminal sugar in dissacharides are designated as 
C-l"', C-2'" protons ^id so mi In the 'H-nmr spectra of TMS derivatives of the 
glycosides, the non aromatic protons resonate between 5 2.9 - 4.3, while the anomeric 
protons resonate between 6 4.3 - 5.8. The axial anomeric protons are observed 
between 5 4.3 - 5.0 and the equatorial anomeric protons between 6 4.7 -5.8. 
The chemical shift of the C-l" protons of the sugar directly attached to the 
flavonoids hydroxyl group depends both on the nature of the flavonoids and on the 
position and stereochemistry of the attachment. For instance, flavone glycosides with 
sugar on either C-5, C-7 or C-4', the C-l" proton signal appears near 5 5.0 while in 
flavonols, 3-0-glycosides the C-l" proton signal appears much more downfield i.e. at 
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about 6 5.8. The coupling constant of C-1" proton with C-2" proton in p-hnked 
glycosides is about 7 Hz^ ,^ due to diaxial coupling. In the naturally occurring a-linked 
rhamnosides, the dieqatorial coupling between H-1" and H-2" give rise to a coupling 
constant of only 2Hz^^ The rhamnose C-methyl appears as a doublet (J = 6.5 Hz) or a 
multiplet in the region 6 0.8 -1.2. 
In flavonoid diglycosides, the C-l" proton of the terminal sugar (H-l"') being 
relatively remote from the flavonoid nucleus, resonates upfield from H-l". The extent 
however, can vary depending upon the position of attachment of terminal sugar^^. 
Methylated^^ and acetylated^ '^^ ^" '^ derivatives have also been used for dissacharide 
linkage determinations. 
Acetoxyl and Methoxvl Protons^ 
In the 'H-nmr spectra of acetylated flavonoids (fiOCls), the position of methyl 
signals of acetyl groups can also give useful information about the position of acetyl 
group by which the position of the hydroxyl groups can be confinned. The methyl 
signals of 4' and 7-0-acetyl groups appear in the range of 5 2.30-2.35 while the 
methyl signal of a 5-0-acetyl group appears at about 62.45. The aliphatic acetoxyf 
signals of sugars generally appear in the range of 51.65-2.10. The position of the 
aliphatic acetoxy^ groups of sugars also help in the location of sugar moiety in 
C-glycoxyl flavonoids . Within the aliphatic acetoxyl groups signals, the 2"-0-acetyl 
signal appear at 6 1.70 -1.75 in 8-C-glycosyl flavonoids and 6 1.80-1.83 in 6-C-
glycosyl flavonoids and 6"-0-acetyl signal in 8-C-glycosyl flavonoids appears at 
6 1.90-1.95 while in 6-C-glycoxyl flavonoids it appears between 61.98 - 2.04. 
Methoxyf protons signals, with"*"''"^ ^ few exceptions appear in the range of 6 3.5 - 4.1. 
lA-
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(IV) '^C NMR Spectroscopy's^ 
'^C-NMR spectroscopy has been used in natural product chemistry in variety 
of ways at various stages of the structure determination. '•'C-NMR spectral data 
furnish key informations such as the number of carbon atoms and establish if they are 
primary, secondary, tertiary, aromatic, olefmic or part of functional groups. 
The '•'C-NMR spectra of flavonoids and their glycosides^ "^*^^  are of same 
interest in the context of compounds isolated during the course of this work. The 
spectra can be analysed by reference to those of simple compounds such as 
acetophenones^^'^^ and cinnamic acids^^ which possess structural features 
characteristic of flavonoids. 
It is worthwhile to see how introduction of oxygen at various positions of 
these effects the chemical shifts. In hydroxy acetophenone (28), the nuclear carbon 
linked directly to oxygen of hydroxyl groups give rise to a singlet at 6 161.5 and the 
two adjacent carbons give two singlets at 6 118.0. The carbon para to the carbonyl is 
the most deshielded and its singlet appear at 6 135.5. In 2,6-dihydroxy acetophenone 
(29) the carbon bonded directly to oxygen give rise to singlet at 6161.4 and the two 
adjacent carbons produce singlet at 5106.5. The meta carbon which is para to the 
acetyl group is deshielded and its singlet appears at 5134.0. 
sF '"' 135-5 
118-3 
118-3 
1 
1 
129-7 
OH 
118-9 25-40 
]] 204-1 
0 
(28) (29) (30) 
Thus, the chemical shift correlate to those for protons on these carbons, the 
protons ortho and para to hydroxyi being shielded more than the one at meta positions 
and protons para and ortho to carbonyl being the ones most exposed to the deshielding 
influence of the carbonyl group. In 2,4,6-trihydroxy acetophenone (30) the 
oxygenated nuclear carbons show singlet at 165.10 pm while in dihydroxy 
acetophenone (29) it is 6 161.4. this slight deshielding of 63.70 can be attributed to 
the hydroxyi group at meta position. The unsubstituted carbons 3 & 5 are shielded due 
to enhanced mesomeric effect and their signals appear at 6 94.5. These effects can be 
assumed to be general and are relied upon in making assignments in flavonoid 
spectra. The other structural unit of flavonoids is akin to cinnamic acid and the 
'•'C-NMK chemical shifts of cinnamic acid derivatives are, therefore, of interest. The 
chemical shifts of the parent cinnamic acid and its mona diiand trisubstituted 
derivatives are indicated in the structure ( 31, 32, 33, 34). 
128-5 129-0 
134-2 
I31-7 117-26 
130-8 
128-5 
146-68 OH 
160-33 
89 
116-89 O M e 
146-92 / , ) — O H 
\S / 149-78 
HO-
170-6 II 116-7 
o 
112-28 
(33) 
126-30 
,OMe 
149-17 
147-23 \\ //n8-9^ 
HO 
170-59 II 116-65 
O 
107-0 
(34) 
149-17 
OMe 
The 3,4-type of substitution is one of the most commonly encountered in flavones and 
chemical shifts of carbon 3 and 4 of 3-methoxy 14-hydroxy cinnamic acid (33) 
6 149.11 and 6 149.78 respectively are substantially different from those of carbons 
under oxygen in acetophenone. This makes it possible to distinguish between 
oxygenated ring A and B carbons of flavones. The carbons ortho and meta to phenolic 
hydrox>^are shielded, compared to unsubstituted benzene and appear at 6 112.28 and 
6116.89, the cinnamic acid double bond causing a further shift of C-2 resonance 
Carbon-1 adjacent to the olefmic double bond of cirmamic acid is almost at the same 
value as in substituted benzene but different in the unsubstituted benzene. The 
a-carbon appears at 5 117.5 and the p- carbon at 5147.1. In trisubstituted benzene 
(34), the carbon attached to oxygen are ftirther shielded and in 3,5-dimethoxW4-
hydroxy cinnamic acid appear at 6 149.17, 5138.79 respectively. The carbon bearing 
hydroxyl is shielded to a greater extent because of .resonance contribution from the 
flanking methoxyl groups. The same type of resonance effect is responsible for the 
shielding of 2 and 6 carbons. 
The chemical shifts of flavones, substituted flavones and isoflavones are reproduced^^ 
in the following table. 
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Chemical shift (in 6 downfield from T.M.S.) 
Carbon 
Number 
2 
3 
4 
5 
6 
7 
8 
9 
10. 
r 
2' 
3' 
4' 
5' 
6' 
Flavone 
163.2 
107.6 
178.4 
125.2 
125.2 
133.7 
118.1 
156.3 
124.0 
131.8 
126.3 
129.0 
131.6 
129.0 
126.3 
T-methoxy 
flavone 
162.6 
107.2 
177.4 
126.7 
114.1 
163.7 
100.2 
157.7 
117.6 
131.6 
125.8 
128.7 
131.1 
128.7 
125.8 
5-hydroxy 
flavone 
164.07 
105.61 
182.90 
155.85 
107.22 
135.61 
110.83 
159.82 
110.13 
130.54 
126.39 
128.91 
131.97 
128.91 
126.39 
5,7^'.4'^ 
tetrahydroxy 
flavones 
165.07 
103.94 
182.63 
158.24 
94.90 
164.34 
99.91 
161.56 
104.20 
123.06 
114.38 
145.95 
149.84 
117.05 
120.14 
7-methoxy 
isoflavone 
152.4 
125.1 
175.3 
127.6 
114.6 
163.8 
100.0 
157.7 
118.3 
127.9 
128.2 
128.8 
131.8 
128.8 
127.9 
(V) Mass Spectrometry: 
The introduction of >^^ St system suitable for volatilization of high molecular 
weight (M^ 300-1200) organic materials has greatly increased the utility of mass 
spectrometry. Generally the fragmentation is related to the structure of the intact 
molecule. Electron impact mass spectrometry of both flavonoid aglycones and glycosides 
serves as a valuable aid in determining their structures, especially when only very small 
quantities (i.e. less than 1 m^) of the compounds are available. It has been applied 
successfully to all classes of flavonoid aglycones and also a number of different types of 
glycosides^''^. The flavonoid aglycones and glycosides have been subjected to GC-MS 
spectrometry in the form of their permethylethers, perdeuteriomethyl ethers^ "^** and 
trimethyl silyl ethers^"^°. 
Flavones: ^ T 
Most flavonoids yield intense peak for the molecular ion (Iv^ and indeed this is 
often the base peak. In addition to the molecular ion, flavonoids usually ^ ffefd major 
peaks for ([M-H] and when methoxylated, [M-CH3]. Perhaps the most useful 
fragmentation in terms of flavonoid identification are those which involve the cleavage of 
intact A and B ring fragments. Kingston^ had discussed in detail the mass spectra of 
large number of flavones, fiavonols, flavanones, and their ether derivatives (Scheme 1,11 
and III). The fragmentation pattem of monoflavones has been summarised as follows: 
(a) Flavones with fewer than four hydroxy groups do not readily fragment, a 
consequence of the stability of their molecular ion. 
(b) Flavones with fewer than four hydroxyl groups tend to undergo decomposition 
predominantly by way of the retero-Diels-Alder (RDA) process . This and other 
common fragmentation processes are shown in (Scheme -I) using apigenin (35)^' as a 
typical example. 
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(c) An [M-I] ion is often found in the mass spectra of flavone^its origin is however, 
(d) The presence of ion m/z 137 (Sciieme II), frequently more intense when a 
3-hydroxyl group is present- is attributed to the alternative mode of retero-Diels 
Alder fragmentation. 
(e) Doubly charged ions are frequently present. . J i ^ 
(f) When heavily substituted with hydroxy^ and methoxyfiF, the flavones tend to 
fragment in a less predictable manner, retero-Diels-Alder process becomes 
insignificant and the spectrum is dominated by the molecular ion and ions at M-
15,M-28andM-43.^^'^^ 
Flavonoid O-glvcosides:-
The position of a sugar residue in a flavonoid aglycone can be easily 
recognized from the mass spectrum of permethylated glycosides^^. The sugar attached 
to the position 5 and 3 splits more readily then that at position 7 and as a result the 
molecular ion peak is of very low intensity or totally absent. 
On the other hand 7-0-glycosides usually show an intense molecular ion peak 
amounting to 50% or higher. The 4'-gIycosides represent an intermediate case, having 
small but distinct molecular ion peak. 
93 
en 
ON 
X 
I 
• • - • 
\D 
tN 
y—V 
o 
o 
' « _ ' 
o r ^ 
•V 
+ 
^ 
t—l 
>> 
C3 
^ 
m 
a. 
^ 
k . 
N 
i 
X 
I 
<N 
o 
u 
I 
oo 
(J 
E 
w 
o 
00 
E 
94 
^ 
<N 
X 
o 
X 
t > 
••o 
o 
' 
>o 
fN 
( N 
s a 
Ov 
CQ 
•O 
a: 
X 
+ 
2L ^< 
m 
CQ 
O' 
I in 
\v / 
s 
95 
CQ 
/--*. m 
^ 
—^' 
• ^ 
m 
<N 
JJ 
^ 
>> 
« i J= 
ts o. 
• • 
a: ;=0 + 
v 
o 
N 
^ 
+ 
X 
rn 
o 
O 
N 
B 
+ 
I 
CQ 
E 
o 
00 
^ ^ ^ 

96 
(1). Y. Tsuchiya, M. Shimizu, Y. Hiyama, K. Itah, Y. Hasahimoto, M. Nakayama, 
T. Horie, N. Morita, Chem. Pharm. BuH^^3i^. 3881-«6 (1985). 
(2). V.D. Tripathi and R. D. Rastogi. J. Sci. Ind. ResQ4Q, 116 (1981). 
(3). J.F. Marton, Quart. J. Crude Drug Reseftti»h, 12, 1829 (1972). 
(4). J.P.S. Sarin, S, Singh, H.S. Garg, N.M. Khanna and M.M. Dhar, 
Phvtochemistrv, 15, 232 (1976). 
(5). T. Kinoshita. U. Sankawa, T. Takuma, K. Asahl, N. Takahashi, Chem. Pharm. 
Bull 33 (9>, 4109-12 (1986). 
(6). M.V. Quarenghida Rica, P. Seeligmann, Acta Farm Bouareuso, 4, 33-5 (1985), 
Chem. Abs. 101945.3ej|^ 104 (1986). 
(7). K. Yasukawa, M. Takipo, M. Taki and Shigeki Nakagawa Chem. Pharm. 
Bulk 37(4). 1071^^^(1989). 
(8). Glimpses, in Plant Research, Vol XI, 377-389 Medicinal Plant New Vistas of 
Research (Part-2) (1993). 
(9). H. Kumamoto, Y. Matsubara, Y. Lizuka, K. Okamato and K. Yoko, Nippon 
Nogeikagaken Kaishi. 59^ 677 (1985). 
(10). M. Kitaoka, H. Kadokawa, M. Sugano, K. Ichikawa, M. Taki, S. Takaishi, Y. 
lijima, S. Tsutsumi, M. Boriboon, T. Akiyama, Prenvlflavonoid: A new class 
of non steroidal phytoestogen (Part I). Isolation of 8-isopentenyl-naringenin 
and an initial study on its structural activity relationship. Planta Medica 64 
5 i r ^ ( 1 9 9 8 ) . 
97 
(11). Jr. E. Middleton, C. Kandaswami, The impact of plant flavonoids on 
mammalian biology: implications for immunity Inflammation and cancer. In 
J.B. Harbome, (Ed.) The flavonoids: Advances in Research Since 1986. 
Chamnman & HaU London, pp. 6l9.r ;^ (1994). 
(12). R. Mata, A. Rojas, L. Acevedo, S. Estrada, F. Calzada, I. Rojas, R. Bye, E. 
Linases, Smooth muscle relaxing flavonoids and terpenoids from Canyza 
filaginoides. Planta Medi6fe-63, 3 \ ^ (1997). 
(13). T. Li. J. Chem; J. Xu Q. Coa, K. Komatsu, T. Namba. A new flavonone 
isolated from Rhizoma smilacisglabrae and the structural requirements of its 
derivatives for preventing immunological hepatocyte damage. Planta Medi^tr-* 
65, 5< 
(14). T. Sckine, M. Inagaki, F. Ikegami, Y. Fujii, N. Ruangrungsi, Six diprenyl 
isoflavones, derris isoflavones A.F. from Denis scandens, Phytochemistrv 
52, 87-#(1999). 
(15). Yasumori Tamura, Ken-ichi Nakajima, Ken-ichi Nagayasu and Chiyuki 
Takabayashi, Phytochemsitrv. 59,275 (2002). 
(16). K.S. Krishnaveni and J. V. Srinivasa Rao Phvtochemistry^ 605 (2000). 
(17). Eliane O. Ferreira and Diones A. Dias Phvtochemistry.53 iJsTzOOgJ. 
(18). Ahmad A. Gohar, Galal T. Maatooq and Masatake Niwa Phytochemistrv 53 
(19). B. Jayaprakasam, A.G. Damu, D. Gunasekar, A. Blond and B. Bodo 
Phytochemistrv 53 515 (2000). 
(20). Ibrahim I. Mahmoud, Mohammad S.A. Marjouk and Fatma A. Moharram 
Phytochemistrv 58 1239 (2001). 
98 
(21). Yuping Tang, Fengchang Lou, Jinghua, Wang, Yaufanng Li and Shufei 
Zhuang Phvtochemistry, 58, 1251 (2001). 
(22). Augustin E. Nkengfack, Anatole G.B. Azebaze and Alain K. Waffo 
Phvtochemsitrv^S, 1113 (2001). 
(23). Klaus Peter Latte, Daneel Ferreira, M.S. Venkatraman and Herbert Kolodiej 
Phvtochemistrv, 59, 419 (2002). 
(24). Ably Yenesew, Jacob 0. Midiwo, Salome M. Guchu, Matthias Heydenreich 
and Martin G. Peter Phvtochemistrv^9, 337 (2002). 
(25). Siegfried E. Drewes, Marion M. Horn, Jabu T.B. Dhlamini, Orde Q. Munro 
and J.J. Marion Mever Phvtochemsitrv^9. 739(2002). 
(26). Damrongkiet Arthan, Jisnuson Svasti and Prasat Kittakoop, Daraporn, 
Pittayakhachonwut, Morokot, Tanticharoen, Yodhathai, Thebtaranonth, 
Phvtochemistrv. 59,459 (2002). 
(27). Wen-Li Lo, Fang-Rong Chang, Tian-Jye Hsieh and Yang Chang Wu 
Phvtochemistrv, 60, 839 (2002). 
(28). Sawsan El-Masry, Masouda E. Amer, Maged S. Abdel Kader and Hala H. 
Zaatout, Phvtochemistrv, 60, 783 (2002). 
(29). Hitoshi Tanaka, Tomoko Oh-uchi, Hideo Etoh Hiroshi Shimizu and Yoichi 
Takeishi, Phvtochemistrv, 60^ 789 (2002). 
(30). N. Kakazawa. Chem. Pharm. Bull. Tokvao. 16.2503 (1968). 
(31). T. Shinoda. J. Pharm. Soc, Japan. 48. 214(19281 
(32). S. Beckmann, H. Geiger and W. de Grootpteider, Phytochemistrv, ^0, 2465 
(1971). 
(33). J. H. Looker and W.W. Hanneman. J. Org, Chem. 27. 381 (1962). 
99 
(34). A.R.H. Cole, Zeichmester's Progrce in Chemistry of organic Natural 
Products (Wein, spriuger Verlag, New York), XIII, 60. (1956). 
(35). A.R.H.Cole and W. Thomtop. J. Chem. Soc., 1332-38 0957). 
(36). Miss I. L. All seep, A.R.H. Cole, D.E. White and R.L.S. Willin, J. Chem, Soc, 
4268 (1956). ^.-,v,>-'^ 
(37). H.R. Arthur, A.R.H. Cole, K.J.L. Thiebery and D.E. White, Chem. Ind.fu. 
(1956). 
(38). T.J. Mabry, K,R. Markem and M.B. Thomas, "The systematic Identification 
of Flavonoids, Springer-Verleg, New York, Heidelberg, (1970). 
(39). R.M. Horowitz and B. Gentilli, Chem. iwd 2r)(London), 625 (1966). 
(40). A.C. Waiss, Jr., R.E. Ludin and D.J. Stera, Tetrahedron L e t t ^ , 10, 513 
(1964). 
(41). V.V.S. Murti, P. V. Raman and T.R. Shesadri (a) Tetrahedron, 23^ 397 
(1967), (b) Tetrahedron Lette*s, 40,2995 (1964). 
(42). F.C. Chen., Y. M. Lin and J. C. Hung, Phytochemistrv, 14, 818 (1975). 
(43). E. Rodriguiz, N. J. Carman and T.J. Mabry, Phytochemistry, J i 409 (1972). 
(44). M. Okigawa, N. Kawano, W. Rahman and M.M. Dhar, Tetrahedron L e t t ^ , 
40,4125(1972). 
(45). T.J. Batterham and R.J. Highet, Aust. J. Chem., i i 428 (1964). 
(46), T.J. Mabry, J. Kagan and H. Rostel, Monograph NMR analysis of 
Flavonoids, Univ. of Texas, Publication No. 6418 (1964). 
(47). a) J. Massicot and J.P. Marthe, BuU.Soc^Chem.Fr.. 2712 (1963). f-(b) J. Massicot and J.P. Marthe, Bull. Soc^ Chem. Fr. 1962 (1962). 
(48). J. W. Clark-Lewis, L.H. Jackson and T.M. Spotswood, Aust. J. Chem. a) 17, 
632 (1965) (b)?2), 2059 (1968). 
100 
(49). H.M. Miura, T. Kihara and N. Kawano, Chem. Pharm. BullrTokyo, 17, 150 
(1969); Tetrahedron Lett»t»s, 19, 2339 (1968). 
(50). W. Rahman unpublished results. 
(51). M. Ilyas, J.N. Usmani, S.P. Bhatnagar, W. Rahman and A. Palter, 
Tetrahedron LetteBffr53i515 (1968). 
(52). A. Pelter. R. Warren, J.N. Usmani, R.H. Rizvi, M. Ilyas and W. Rahman, 
Exnerintia (a) 25, 350 (1969) b)(S, 351, (1969). 
(53). R. M. Horowitz and B. Gentili. OwmUtry-andlndustFy. 24, 498 (1964). 
(54). K.R. Markham and T.J. Mabry, Tetrahedron. 24, 823 (1968). 
(55). T.J. Mabry, J. Kagan and H. Roser, Phvtochemistrv. 4 487, (1965). 
(56). H. Rosier, T.J. Mabry , M.F. Cranmer and J. Kagan, J. Org. Chem.. 30, 4346 
(1965). 
(57). V. Plouvier, C.V. Acad. Sci, Paris Ser. D. 270. 2710 (1970). 
(58). K.R. Markham, C Sheppard-H. Geiger, Phvtochemistrv. 26(j|j^, 3335-3337 
(1987). 
(59). S. Cathrine Benzuidenhort, Barend C.B. Bezuident, E. Viment Brandt and 
Dannelferrira. J. Chem. Soc. Perkin Trans-1. a^l237iJitfi (1998). 
(60). O.G.I. Kingston. Tetrahedron, 27 2691 (1971). 
(61). R. Madhav, Tetrahedron Letteig6725. 2017 (1969). 
(62). H.S. Garg and C.P. Witra, Phvtochemistrv. 10, 2787 (1971). 
(63). M. Konoshina, Y. Ikeshiro and S. Miyagawa. Tetrahedron Lett'arg; 48, 4203 
(1970). 
(64). R.G. Wilson and D.H. Willams, J. Chem. Soc (C). 2477 (1968). 
(65). R.I, Reed and J.M. Wilson, J. Chem. Soc. (C). 5949 (1968). 
{66). A. Pelter, P. Stainton and M. Barber, J. Heterocvclic chem. 2, 262 (1965). 
101 
(67). R. Mues, B.N. Tiemmermann, N. Ohno and T.J. Mabry, Phytochemistry. 18, 
1379(1979). 
(68). MX. Bouillant, A. Besset, J. Favre-Bonvin and J. Chopin, Phytochemistry, 
19,1755(1980). 
(69). H. Schels, H.D. Zinsmeister and K. Pfleger, Phvtochemistry. 10, 1019 (1977). 
(70). H. Schels, H.D. Zinsmeister and K. Pfleger, Phvtochemistry. 17, 523 (I978^~). 
PHVtOCHEMICAL STUDI 
OF CARVOTA URENS 
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CHEMICAL CONSTITUENTS FROM THE LEAVES OF CARYOTA URENS. 
The genus Caryota comprises 15 species distributed in the tropical parts of 
India, Burma, Ceylon, Malaysia and Northern Australia. Out of these, three species 
"7 
1 . . . \\<^"^ 
are reported in India of which C. urens is of economic importance. 
Caryota species have been reported for their medicinal properties such as 
aphrodisiac, laxative^ and used as nutritious agent. Earlier investigations on this plant 
reported the isolation of amino acids, sugars, ascorbic acid^, fatty acids, kernel lipids 
and sugarsin^. Medicinal importance and scanty work on this plant accelerated our 
interest to carry out the comprehensive study of the plant Caryota urens. The present 
discussion deals with the isolation and characterisation of following compounds from 
the leaves of Caryota urens. 
(1) 5-methyI-n-hexatriacontane. 
(2) Urs-12-en/-3p-ol-30-oic acid (Dulainoic acid). 
(3) Olean-la, 3p, 9a, 22a-tetraol-12-en-28 oic acid -3p-D-glucopyranoside (New 
compound) 
(4) Olean-a, 22P-diol-12-en-28-oic acid-3-O-P-D-glucopyranosyI (1^4)-P-D-
glucopyranose (New Compound). 
•<. 
The leaves of Fish Palrmwere collected from the campus of science faculty 
A.M.U. Aligarh. The plant species was identified by Prof. Wajahat Hussain in the 
Department of Botany A.M.U. Aligarh. 
The air dried and powdered leaves (2.5 Kg) were exhaustively extracted with 
methanol. The combined extracts were evaporated to a semi viscous greenish mass in 
a Buchi rotavapour. The residue (315 g) was sequentially refluxed with solvents of 
increasing polarity viz. Petroleum ether, benzene, acetone. Light petroleum and 
benzene soluble fractions were found to contain heavily chlorophyll waxy and 
resinous matter, hence were not further analysed. The acetone fraction (53 g) was 
concentrated and chromatographed over silica gel (600 g) column. Elution of the 
column with petroleum ether, petroleum ether : chloroform, chloroform, chloroform-
methanol, gave Fl, F2, F3 and F4. 
Compound F-1: 
Compound F-1, obtained from petroleum ether eluents did not respond to 
tetranitro methane indicating saturated Jiaturc of the molecule. Its IR spectrum did not 
show any typical band in the functional group region. The mass spectrum of F-1 
exhibited a molecular ion peak at m/z 520 corresponding to a molecular formula of 
saturated hydrocarbon C37H76. The spectrum had CnH2n+i, CnH2n and CnH2n-i ions as 
observed for aliphatic compounds. Most of the ion fragments were separated by 14 
mass units and decreased in abundance with increasing molecular weight of the long 
chain hydrocarbon^. More intense clusters of peaks corresponding to CnHjn+i (e.g. m/z 
71, 85, 99, 113, 127, 141, 155, etc) in comparison to that corresponding to CnH2n-i 
(m/z 69, 83, 97, 111, 125, 139, 159 etc), supported acyclic and saturated nature of the 
compound^. The [M + 1]^ ion is due to its unsymmetrical nature*. The high intensity 
ion fragments at m/z 57 (ion a), 463 (ion b) formed due to C4-C5 fission and at m/z 
85 (ion c) and 435 (ion d) generated due to cleavage of C5-C6 linkage suggest^^A 
existence of a methyl group at C-5^. (Scheme F-1F«I) 
The precise nature of compound was determined §:orfiO H-NMR spectrum 
which displayed a one proton multiplet at 6 2.00 assigned to H-5 methine proton, a 
broad singlet at 6 1.16, integrating for 66 protons, associated with 33 CH2 methylene 
groups a 6-protons broad singlet at 5 1.06 ascribed to C-1 and C-36 terminal methyl 
functionalities and a three protons broad singlet at 6 0.80 attributed to C-5 methyl 
group. The spectrum did not show any signal beyond 5 2.00 supporting the saturated 
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hydrocarbon nature of the compound. The compound did not also respond to the 
normal acetylating, methylating and oxidising reagents. 
On the basis of above informations the compound F-1 was identified as 
5-methyl-n-hexatriacontane, an ahphatic hydrocarbon. 
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Mass fragmentation pattern of F-1. 
c ^^3 ion a 
CH3-(CH2)29-CH2fCH/(CH2)3 
d b' 
C37H76[M ]^, nVz 520 (7.5) 
-CH3I' 
C4—C5 cleavage 
CH3-CH2-CH2—CH2I 
m/z57(100%) 
C4H9(ion a) 
CH3-(CH2)29-CH2—CH 
m/z 463 (17.1) 
C33H67 (ionb) 
C5—C6 cleavage 
—1 + CH3 
I 
CH—(CH2)3-CH3 
nyz85(86.i) 
C6Hi3(ionc) 
+ 
CH3-(CH2)29-CH2~1 
m/z435 (24.4) 
C31H63 (bnd) 
Scheme F-1 
Compound F-2 
Compound F-2, was obtained as colourless, crystalline, product from 
v/(/ 
chloroform-methanol (25:lf) eluents. It responded positively to Liebermann-Burchard 
/ ^ 
test; tetranitro/methane trichlorb acetic acid. It gave effervescence with sodium 
bicarbonate solution. The mass spectrum showed the molecular ion peak at m/z 456 
corresponding to C30H48O3. The ' H - N M R spectrum of F-2 exhibited signals for 
olefinic proton H-12 at 6 5.20, for H-3a carbinol proton at 5 3.40 as one proton 
double doublet with coupling constants of 5.5 and 9.0 Hz and for seven tertiary 
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methyl signals at 6 0.97 [Me-24, Me-25], 0.83 (Me-27, Me-29], 0.76 [Me-23, Me-28] 
and 0.66 [Me-26]. The electron impact mass spectrum of F-2 displayed ion peaks at 
m/z 248 and 207 formed due to retero Diels -Alder rearrangement of A oleanenes. 
The other important peaks appeared at m/z 203,189 and 174 (Scheme F-2). 
COOH 
2 3 ^ ^24 
C30H48O3 
nVz 456(1.0) 
0\^ 
^>^ 
RDA 
C,4H230 
m/z 207 (21.9) 
C16H24O2 
m/z 248 (68.3) 
Scheme F-2 
Acetylation of F-2 gave a monoacetyl product, supporting the presence of one 
hydroxy! group in the molecule. With diazomethane F-2 yielded a monomethyl ester. 
Jones oxidation F-2 produced ifflaionic acid'^. 
On the basis of the above evidences the structure of F-2 is established as Urs-
12-en^-3p-ol-30-oic acid named as Dulainoic acid'°. 
Compound F-3: 
Compoimd designated F-3 was obtained as white crystalline solid from 
chloroform-methanol (15:l\) eluant, m.p. 258-259 °C. It gave positive Liebermann 
Burchard and Molisch test, suggesting it to be a triterpene glycoside. The IR spectrum 
showed characteristic absorption for hydroxyl (3510 cm"'), carboxylic (3430, 1707 
cm"') and unsaturation (1650 cm"'). Positive ion FABMS and '^C NMR spectra 
established its molecular formula as CaeHsgOn. It indicated eight double bond 
equivalents, five of them were adjusted to the pentacylic carbon frame work and one 
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each respectively in olefinic linkage carboxylic group and sugar moiety. A prominent 
ion peak at m/z 264 was generated due to retero Diel's-Alder, fragmentation pattern 
of amyrins' '''^. Subsequent removal of water, methyl and carboxylic functions yielded 
ion fragments at m/z 246 [264-H20]i, 231 [246-Me]\ 201 [246-COOH]', 
respectively and the loss of one methyl group from the fragment ion at m/z 201 
resulted in the generation of an ion peak at 186 [201-Me]J. The other important ion 
peak appeared at m/z 222 [M-264-C6Hi206]', 204 [222-H20]^, 470 [M-CfiHijOfi-
MeH]^ 452 [470-H2O]s 426 [47O-CO2]' and 408 [426-H2O] - (Scheme F-3 F i ^ . 
The ' H N M R spectrum exhibited a H-12 vinyl as one proton doublet at 6 5.25 
(J = 8.06 Hz), and seven three protons singlets at 5 0.62, 0.69, 0.84, 0.86, 0.88, 0.91 
and 1.20 indicating the presence of seven tertiary methyl groups at C-25, C-26, C-29, 
C-30, C-24, C-23 and C-27 respectively. The absence of secondary methyl ruled out 
the possibility of ursane skeleton'^ in compound F-3. This was further substantiated 
by the presence of two signals at 5122.20 and 143.22 in the'^C-NMR spectrum, 
which indicated the presence of an oleanane skeleton, because in an ursane the C-12 
is deshielded by 2 ppm and C-13 shielded by 5 ppm''*. 
The C-lp, C-3a and C-22p oxygenated protons resonated as double doublet 
corresponding to value at 5 3.13 (J - 3.66, 4.4 Hz), 3.09 (J = 5.5 , 9.53 Hz) and 3.11 
(J = 4.5, 5.12 Hz), respectively. One proton doublet at 5 4.96 was assigned to the C-V 
anomeric proton and its diaxial coupling of 4.76 Hz suggested p-Iinked sugar. The 
methylene and methvne protons appeared in the region 6 2.91-1.20 (Table 1). The 'H 
NMR of F-3 was in full agreement with ElMS data. 
Further evidence for the structure of F-3 was provided by '^ C NMR spectrum, 
which showed the existence of 36 carbon atoms in the molecule. Signals at 6122.20 
and 143.22 were assigned to unsaturated carbons at C-12 and C-13 respectively. The 
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oxygenated C-1, C-3, C-9 and C-22 resonated at 677.66, 82.28, 72.37 and 80.01 
respectively. A downfield signal at 6 175.75 was assigned to C-28 carboxylic carbon. 
The anomeric C-V appeared at 5 94.07 alongwith other glucose carbon signal at 
5 67.10,(C-Z), 69.50 (C-3'), 72.37 (C-4'), 76.67 (C-50 and 60.63 (C-6') (Table 1). 
The assignments of carbon chemical shifts were made by comparison with 6 values in 
the corresponding carbon atoms in the structurally similar oleananes''*. The '^ C DEPT 
NMR experiment suggested the presence of seven methyls, nine methylenes, eleven 
methines and nine quaternary carbon atoms. 
On the basis of above findings, the structure of F-3, was established as olean-
la, 3p, 9a, 22a-tetraol-12-en-28bic acid -3p-D-glucopyranoside. 
This is a new triterpenic glucoside isolated from the natural source for the 
first time. 
COOH 
H OH 
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Table (1) 
Position 
I. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
r 
2' 
3' 
4' 
5' 
6' 
*H NMR and '^C NMR spectral values of F-3. 
'HNMR(6) 
a 
-
1.59 dd (J =10.89, 2.2 Hz) 
3.09 dd (J = 5.5, 9.53 Hz) 
-
0.75 dd (J =11.72, 6.36 Hz) 
1.52 ddd (J =10.89, 5.13,4.4 Hz) 
1.3 dddd(J = 12.45, 12.92,4.72, 
9.16 Hz) 
-
-
-
1.84 d (J = 8.06 Hz) 
5.25 d (J = 8.06 Hz) 
-
-
0.95 m 
1.55 dddd (J = 10.89, 5.13, 4.4, 
2,2 Hz) 
-
2.91 brs 
1.74 dd (J = 4.4, 4.03 Hz) 
-
1.53 d (J = 5.13 Hz) 
-
0.91 brs 
0.88 brs 
0.62 brs 
0.69 brs 
1.20 brs 
-
0.84 brs 
0.86 brs 
4.96 d (J = 4.76 Hz) 
3.41 dd (J = 5.87, 5.13 Hz) 
3.11 dd (J = 4.4, 5.12 Hz) 
3.08 dd (J = 5.49, 5.5 Hz) 
3.20 d (J = 4.3 Hz) 
3.42 d (J = 5.87 Hz) 
3.62 d (J = 5.13 Hz) 
P 
3.13 dd (J = 3.66, 4.4 Hz) 
1.61 dddd (J = 2.2,10.26 Hz) 
-
-
-
1.45 m 
1.32 dddd ( J = 13.56, 12.45, 
15.99, 4.76 Hz) 
-
-
-
1.86 d (J = 3.67 Hz) 
-
-
-
1.20 m 
2.21 dddd (J = 4.76, 3.67, 
11.09, 9.61 Hz) 
-
-
1.71 dd (J = 4.03, 9.52 Hz) 
-
1.65 d (J = 9.52 Hz) 
3.11 dd (J = 4.5, 5.12 Hz) 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
'^C 
NMR 
77.66 
27.73 
82.28 
38.86 
54.88 
18.09 
32.18 
41.07 
72.37 
45.18 
23.31 
122.20 
143.22 
47.27 
28.32 
26.98 
48.53 
43.08 
46.78 
37.69 
31.76 
80.01 
28.71 
16.21 
16.65 
16.68 
24.10 
175.75 
28.00 
24.46 
94.07 
67.10 
69.50 
72.37 
76.67 
60.63 
Mass Fragmentation of F-3 
e ^ 
C36H58O11 
nVz666 
I RDA 
C16H24O3 
m/z 264 (60.8) 
-H2O 
m/z 246 (79.3) 
-COOH 
m'z201 (100) 
—CH3 
m/z 186 (28 
T]t 
) 1 ^ 
4 
OH OH 
.8)1 ' m/z 222 (6.0) 
Scheme (F-3) 
hr-
-9 
4 W 
o 
03 
o 
I2i 
C ^ 
o 
O 
O 
o 
CO 

Compound F-4: 
F-4 was obtained as white crystalline solid from chloroform-methanol (10:1^^A .) 
eluent, m.p. 233-35 °C. It gave positive Liebermann-Burchard and Molisch test. The 
IR spectrum showed characteristic absorption for hydroxyl group (3500 cm''), 
carboxylic (3350, 1700 cm*'), and imsaturation (1654 cm''). '^ C NMR spectrum 
together with mass spectrum established its molecular formula as C42H68O14. It 
indicated eight double bond equivalent, five of them were adjusted to the pentacyclic 
carbon frame work and one each in olefmic linkage, carboxylic group and sugar 
moiety. A prominent ion peak at m/z 264 is due to retero-Diel's-Alder fragmentation 
pattern of amyrins. Subsequent removal of water, methyl and carboxylic function 
from m/z 264 yielded ion fragments at m/z 246 [264-H20]^, 231 [246-Me^ 201 
[246-COOH^ and 219 [264-COOH]^(Scheme F-4, Fig. VII) ^ 
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CH,OH 
H OH H OH 
C42H68O14 
ni/z796(N.O) 
RDA 
Glu—Ghi—O '^ 
C26H440n 
m/z 532 (N.O) 
C14H22O 
m/z 206 (12.7) 
OH 
COOH 
C16H24O3 
m/z 264 (71.3) 
-COOH - H 2 O 
,4))'^m/z246(100)r m/z2\9 (12. )1 m/z 246 ( 00) 
-Me 
m / z a o i l m ^ m/z 231(56.8) 
-COOH 
t 
Scheme F-4 
-Me 
m/z 186(21.8) \-t 
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The ' H N M R spectrum of F-4 exhibited a one proton doublet at 5 5.22 ( J= 8.1 
Hz), assigned to olefinic proton H-12, and seven three proton singlets at 5 1.03, 0.95, 
0.68, 0.82, 1.24, 0.91 and 0.87 indicating the presence of seven tertiary methyl groups 
at C-23, C-24, C-25, C-26, C-27, C-29 and C-30, respectively. Two double doublets 
corresponding to values at 6 4.43 (J = 5.4, 5.7 Hz) and 5 3.20 (J = 4.2, 8.7 Hz) were 
assigned to C-3p and C-22p oxygenated protons. Two one proton doublets at 5 5.12 and 
5 5.00 were assigned to the anomeric protons H-l' and H-1". Two sets of four one 
proton each doublets at 4.34 (J = 4.2 Hz), 4.92 (J = 4.8 Hz), 3.64 (J -5.4 Hz), 3.61 (5.4 
Hz) and 4.26 (J = 4.2 Hz), 4.53 (J = 6.0 Hz), 3.45 (J = 6.0 Hz), 3.41 (J = 6.0 Hz) were 
ascribed to the H-2', H-5', H-6'a, H-6'b and H-2", H-5", H-6"a, H-6"b methenes 
respectively. Two one proton multiplet at 5 3.31, 3.10 and 3.17, 3.07 were attributed to 
H-3', H-4' and H-3", H-4" respectively of the glucose-glucose moiety (Fig VIII). The 
remaining methylene and methine groups appeared in the region of 5 2.27-1.03. Further 
evidence for the structure of F-4 was provided by the C NMR spectrum which 
showed the presence of 42 carbon atoms in the molecules (Table 2). Signals at 5 122.2 
and 143.2 were assigned to unsaturated carbons at C-12 and C-13 respectively. The 
oxygenated C-3 and C-22 resonated at 6 82.20 and 80.00 respectively. A downfield 
signal at 5 175.70 was assigned to C-28 carboxylic carbon (Fig. VIII). The linkage by 
which the sugars are linked was determined by methylation analysis. The assignment of 
carbon chemical shifts were made by comparison \^ dth 5 values in the corresponding 
carbon atoms in the structurally similar oleanane. 
On the basis of these findings, the structure of F-4 has been established as olean-
3a,22p-diol-12-en-28-oic acid-3-0-p-D-glucopyranosyl(l->4)-p-D-glucopyranose. This 
is a new triterpenic glycoside isolated fi"om a natural or synthetic source for the first time. 
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Table (2) 
"C NMR Spectral values of F-4 
Position 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
U 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
'^C NMR 5 
38.88 
28.20 
82.20 
39.16 
54.85 
18.07 
32.15 
38.60 
47.24 
37.66 
23.18 
122.20 
143.20 
41.02 
27.10 
27.99 
46.74 
43.05 
45.15 
34.71 
26.95 
Position 
22 
23 
24 
25 
26 
27 
28 
29 
30 
r 
2' 
3' 
4' 
5' 
6' 
1" 
2" 
3" 
4" 
5" 
6" 
'^CNMR5 
80.00 
28.69 
16.19 
16.62 
16.67 
24.42 
175.70 
31.75 
24.80 
94.00 
72.30 
69.50 
76.60 
77.60 
60.58 
94.01 
72.30 
67.10 
76.60 
77.60 
60.60 
J L 
^ 
r^ 
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m 
o 
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O 
in 
; in 
; in 
_J 
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-"^ 
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_0 
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OJ 
r Q. 
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h o 
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CM 
a 
Q. 

15 
1. All melting points are uncorrected. f^  v 
2. The Xmax values of UV spectra were recorded in methanol on a Perkin Elmer 
spectrometer. 
3. The FT-IR spectra were recorded on a Perkin Elmer 377 infracord 
spectrophotometer using KBr pellets. 
4. The ' H N M R spectra were recorded on a BRUCKER, AM-300 MHz or JOEL A -
600 MHz NMR spectrometer. The '^ C NMR spectra were scanned on a BRUCKER 
AM-(75 MHz) or JOEL A-600 (150 MHz) and chemical shifts are given in 6 (ppm) 
scale with tetramethyl silane (TMS) as internal standard, J value are expressed in 
Hz. Notations used throughout are as s = singlet, d = doublet, dd = double doublet, t 
= triplet, q = quartet, m = multiple! and br = broad. 
5. The XTLBSS spectra were recorded on a JOEL D-300 mass spectrometer. 
6. Petroleum ether refers to the boiling range 60-80 °C. 
7. Silica gel (E. Merck, Qualigens, 60-120 mesh) was used for column 
chromatography. 
8. The elution of the column was monitored by TLC. TLC was performed on plates 
coated with silica gei-G (E. Merck, Qualigens). The TLC plates were visualized 
under UV light (254 nm & 365 nm) by exposure of plates to iodine vapours, 10% 
H2SO4 in ethanol. Vanillin - H2SO4 or 5% FeClj spraying reagent followed by 
heating at 120 °C for few minutes. 
9. All solvents were generally removed under reduced pressure. 
Z 
The leaves of Fish palm trees collected from the science faculty campus of 
A.M.U., Aligarh were dried and subjected to phytochemical studif^ 
Extraction with organic solvents i^ch f l i g h t petroleum and benzene were 
found to contain chlorophyll, waxy and resinous materials hence not analysed further. 
But the acetone fraction gave a mixture of compounds which was resolved further by 
repeatedr^^fuDcolumn chromatography to give four important fractions F|, F2, F3 & 
F4. These were shown to pure compounds and identified on the basis of their analytical 
and spectral analysis. 
F-1 (5-methvl-n-hexatriacontane) 
Elution of the column with petroleum ether (fractions 15-26) furnished colourless 
solid [F-1 ] which was reciystallised from CHC^-MeOH (3:1), 85 mg. 
in.p. = 60-62 °C 
IRvn..v(KBr): 2900,2850,1455, 1370,710 cm"'. 
' H N M R (60 M H z , CDCI3): 8 2.00 (IH, m, H-5). 1.16 (66H, brs, 33 x CH2) 1.06 (6H, brs, 
CH3-I, CH3-6), 0.80 (3H, brs, CH3-5). 
E I M S m/2 (rel. int): 520 [M]:" (C37H70) (7.5), 492 (14.2), 463 (17.1), 435 (24.4), 421 (6.1), 
407 (13.5), 393 (7.4), 379 (8.0), 365 (8.9), 351 (13.0), 337 (11.5), 323 (11.9), 309 (10.0), 
295 (10.5), 281 (10.6), 267 (11.7), 253 (12.5), 239 (13.8), 225 (14.0), 211 (14.6). 197 
(16.8), 183 (17.5), 169 (18.3), 155 (20.0). 141 (23.0), 127 (127.1), 113 (26.8), 99 (27.1), 85 
(86.1), 71 (87.2), 57 (100). 
V F-2 (Urs-12-ene-3B-ol-30-oic acid): y/ 
Elution of the column with CHCb-MeOH (15:1) (fraction 110-125) furnished 
colourless crystalline product [F2] which was recrystallized from MeOH (52 mg). It gives 
-Hve Liebermann-Burchardf test and telrarutromethane trichloroacetic acid. 
in.p. = 285-287 °C. 
Rf = 0.43 (CHCb-MeOH, 7^1)' 
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UV?.^»(MeOBn: 212 nm (log % 4.5). 
IRv^„ (KBr): 3420, 3350, 2920, 2870, 1660, 1575, 1425, 1360, 1335, 1250, 1055, 1015, 
795 cm''. 
' H N M R (60 MHz. DMSO-cl;V 55.20 (IH, m, H12), 3.40 (IH, dd, J = 5.5, 9.0 Hz, H-3a), 
0.97 (6H, brs, Me -24, Me-25), 0.83 (6H, brs, Me-27, Me-29), 0.76 (6H, brs, Me-23, Me-
28),0.66(3H,brs,Me-26). 
EIMS m/z (rcl. int). 456 [M^] C30H48O3 (1.0), 424 (7.0), 396 (8.0), 384 (18.3), 370 (7.0), 
365 (7.5), 341 (15.0), 313 (35.8), 285 (8.1), 255 (24.1), 248 (68.3), 217 (12.0), 207 (21.9), 
203 (25.9), 189 (13.3), 174 (9.3), 161 (14.3), 125 (22.01), 119 (21.9), 111 (30.9), 96 (64.3), 
83 (74.3), 71 (66.8), 69 (66,3), 57 (1.0) 
Acetyiation of F-2: 
Compound F-2 (20 mg) was treated with AcjO (3 ml) and pyridine (1 ml) at 
room temperature for 24 hours. Water (40 ml) was added. The mixture was well stirred 
left for 3-4 hrs. and then extracted with CHCI3 (3 x 40 ml). The chloroform extract was 
washed with water and dried over anhydrous Na2S04. The chloroform was evaporated 
to Se^ monoacetyl derivative of (12 mg) as a semi solid. 
IRVmax (KBr): 3350,1725,1660 cm"'. 
MethvlationofF-2: 
Compound F-2 (10 mg) was dissolved in solvent ether (40 ml), ethereal 
diazomethane (10 ml) added and left overnight. The solvent was evaporated. A light 
yellow product was obtained. It was crystallised to white shining crystals with CHCI3-
MeOHm.p. 192-193 °C'^. 
Jones oxidation of F-2: 
F-2 (10 mg) was dissolved in acetone (15 ml). The solution was cooled to 0 °C 
and excess of Jones reagent was added. The reaction mixture was stirred at 0 °C for 30 
I I S 
minutes and left for 1 hour. Water (20 ml) was added and extracted with CHCI3 (3x10 
ml). The organic phase was washed with water, dried over Na2S04 and evaporated to 
get ifflainoic acid (5 mg), m.p. 264-66 '^C'^ . 
F-3 (olean l a , 3B, 9a, 22a-tetraol-12-en-28-oic acid-3(3-D-gluconvranoside) 
Elution of the column with CHCb-MeOH (15:Ij) fraction 48-66 furnished 
colourless crystals (F-3) which was recrystallised from chloroform-methanol, 77 mg. It 
gives +ve Liebermann Burchard and Molisch test: It was found to be triterpenic 
glycoside. 
m.p. = 258-259 °C. 
Rr=0.40(CHCl3-MeOH9:|) 
VVXn... (MeOH): 210,263 nm 
lRVn.»v (KBr): 3510,3430, 2960, 2855,1707,1650, 1560,1465, 1350, 767 cm"'. 
' H N M R ( 6 0 0 M H Z ) : 63.13 dd (J = 3.66, 4.4 Hz, H-1 P), 61.59 dd (J=10.89, 2.2 Hz, H-
2a), 51.61 dddd (J = 2.2, 10.26 Hz, H-2P), 63.09 dd (J = 5.5, 9.53 Hz, H-3a), 60.75 dd 
(J - 11.72, 6.36 Hz, H-5a), 61.52 ddd (J = 10.89, 5.13, 4.4 Hz, H-6a), 61.45 m, 61.3 
dddd (J =12.45, 12.92, 4,72, 9.16 Hz, H-7a); 61.32 dddd (J = 13.56, 12.45, 15.99, 4.76 
Hz, H-7P), 61.84 d (J = 8.06 Hz, H-11 a), 81.86 d ( J = 3.67 Hz, H-Up), 65.25d (J = 
8.06 Hz, H-12), 60.95 m, 61.20 m, 61.55 dddd (J ^ 10.89, 5.13. 4.4, 2.2 Hz, H-16a), 
62.21 dddd (J = 4.76, 3.67, 11.09, 9.61 Hz, H-16P); 62.91 brs, 61.74 dd (J = 4.4, 4.03 
Hz, H-19a), 61.71 dd (J = 4.03, 9.52 Hz, H-19p), 51.53 d (J = 5.13 Hz, H-21a), 51.65 d 
(J = 9.52 Hz, H-21P), 63.11 dd (J = 4.5, 5.12 Hz, H-22P); 60.91 brs, 50.88 brs, 60.62 
brs, 60.69 brs, 51.2 0 brs, 60.84 brs, 60.86 brs, 64.96 d (J = 4.76 Hz, H-l'a), 53.41 dd (J 
=5.87, J = 5.13 Hz, H-2'a), 53.11 dd (J = 4.4 Hz, J = 5.12 Hz, H-3'a), 53.08 dd (J= 5.49 
Hz, J - 5.5 Hz, H-4'a), 63.20 d (J - 4.3 Hz, H-5'a), 63.42 d (J = 5.87 Hz, H-6'a), 63.62 
d(J = 5.13Hz,H-6'a). 
'^CNMRdSOMHz): 677.66 (C-1), 627.73 (C-2), 882.20 (C-3), 638.86 (C-4), 654.88 
(C-5), 618.09 (C-6), 632.18 (C-7), 641.07 (C-8), 672.37 (C-9), 645.18 (C-10), 623.31 
(C-11), 6 122.20 (C-12), 6143.22 (C-13), 647.27 (C-14), 528.32 (C-I5), 626.98 (C-16), 
648.53 (C-17X 6 43.08 (C-18), 6 46.78 (C-19), 637.69 (C-20), 631.76 (C-21), 580.01 
(C-22), 628.71 (C-23), 616.21 (C-24), 616.65 (C-25), 516.68 (C-26), 624.10 (C-27), 
6175.75 (C-28), 628.00 (C-29), 624.46 (C-30), 594.07 (C-l'), 667.10 (C-2'), 6 69.50 (C-
3'), 6 72.37 (C-4'), 676.67 (C-5'), 660.63(C-6'). 
Hydrolysis of F-3: 
F-3 (30 mg) was hydrolysed with 10% HCl to yield an aglycone (16 mg). The 
sugar in aqueous layer was characterised as glucose with co-chromatography 
comparison with an authentic sample. The ratio of the aglycone to glycoside was found 
to be about 60% indicating only one sugar unit per molecule. 
F-4 (olean-3a, 22p-diol-12-ene-28-oic acid 3-O-B-D glucopyranosyl (l-»4)-3-D-
glucopyranose). , / ^ 
EJution of the column with CHCls-MeOH (9:|) fraction 70-98 furnished a 
colourless substance. It was crystallised from CHCls-MeOH 45 mg. 
m.p. = 233-235 °C. 
Rr= 0.37 (CHCb-MeOH, 85:15) 
UV?.,„ax[MeOHl:204nm. 
IRvn,„ (KBr): 3500, 3350, 2943, 2850, 1700, 1654,1561, 1465,1350, 1180, 1020 cm"' 
' H N M R (300 MHz): 62.27 (m, H-la), 2.00 (m, H-ip), 51.65 (m, H-2a), 61.67 (m, H-
2p), 54.43 dd (J =5.4, 5.7 Hz, H-3p), 51.00 d (J = 6.9 Hz, H-5a), 61.5 (m, H-6a), 61.44 
120 
(m, H-6P), 61.31 (m, H-7a). 61.42 (m, H-7p), 51.67 (m, H-9a), 62.75 d (J = 3.9 Hz, H-
11a), 52.71 d (J= 3.9 Hz, H-lip), 65.22d (J = 8.1 Hz, H-12), 51.16 dddd (J = 4.8, 4.5, 
3.9, 6.6 Hz, H-15a), 61.28 (m, H-15P), 51.48 (m, H-16a), 51.81 (m, H-I6p), 52.91 
(brs, H-18 P), 51.81 d (J=4.5 Hz, H-19a), 61.53 d (J = 9.9 Hz, H-I9p), 51.51 (d, H-
21a), 61.87 (d, H-21p), 63.20 dd(J - 4.2, 8.7 Hz, H-22P), 61.03 (brs, H-23), 60.95 (brs, 
H-24), 60.68 (brs, H-25), 60.82 (brs, H-26), 51.24 (brs. H-27), 60.91 (brs, H-29), 50.87 
(brs, H-30), 55.12 d (J = 6.0 Hz, H-1'), 64.34 d (J = 4.2 Hz, H-2'), 53.31 (m, H-3'), 
63.10 (m, H-4'), 64.92 d (J = 4.8 Hz, H-5'), 53.64 d (J = 5.4 Hz, H-6*a), 63.61 d (J = 5.4 
Hz, H-6'a), 53.61 d(J = 5.4 Hz, H-6' b), 65.00 d(J=4.5 Hz, H-l"), 54.26 d (J = 4.2 Hz, 
H-2"X 53.17 (m, H-3'% 63.07 (m, H-4"), 64.53 (J = 6.0 Hz, H-5"), 63.45 d (J = 6.0 Hz, 
H-6"a), 53.41 d(J=6.0 Hz, H-6"b). 
"C NMR as MHz). 638.88 (C-1), 628.20 (C-2), 682.20 (C-3), 639.16 (C-4), 654.85 
(C-5), 618.07 (C-6), 632.15 (C-7), 638.60 (C-8), 647.24 (C-9), 637.66 (C-10), 523.18 
(C-11), 6122.2 (C-12), 6143.2 (C-13), 541.02 (C-14), 627.10 (C-15), 627.99 (C-16), 
46.74 (C-17), 643.05 (C-18), 645.15 (C-19), 634.71 (C-20), 526.95 (C-21), 5 80.0 (C-
22), 528.69 (C-23), 616.19 (C-24), 816.62 (C-25), 616.67 (C-26), 5 24.42 (C-27), 
5175.70 (C-28), 531.75 (C-29), 624.80 (C-30), 594.00 (C-l'), 672.30 (C-2'), 669.50 (C-
3'), 76.60 (C-4'), 577.60 (C-5'), 560.58 (C-6'). 594.01 (C-1"), 572.30 (C-2"), 567.10 
(C-3"), 676.60 (C-4"), 677.60 (C-5"), 560.60 (C-6"). 
Hydrolysis of F-4: 
F-4 (25 mg) was hydrolysed with 10% HCl by heating it on a boiling water 
bath. The mixture was left over night. The solid separated was filtered and dried (10 
mg); The aqueous layer was concentrated in vacuum over KOH pellets to a syrup. The 
syrup was dissolved in few drops of water and subjected to paper chromatography using 
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n-butanol-benzene-pyridine-water (5:1:3:3?) as a solvent system with authentic samples 
of sugar. The spot of unknown sugar on paper were visualised as brown in colour with 
aniline phthalale reagent having the same Rf value as thai of glucose. 
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CHAPTER III 
MASS SPECTRAL STUDI 
OF STEROIDAL 
BENZOTHIAZEPIN 
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In the continued interests in the mass spectral studies of steroidal compounds 
from our laboratories'"^, and that no systematic mass spectral studies of steroidal 
benzothiazepine is reported, prompted us to examine the mass spectra of structurally 
related steroidal benzothiazepines as an attempt to establish spectra-structure 
relationship. 
This chapter deals with the studies on mass fragmentations under electron 
impact of easily accessible steroidal benzothiazepines such as 5a-cholestan [4a, 6-
bc]-2',3'-dihydro-r, 5'-benzothiazepine (I), 3p-ethanoyloxy-5a-cholestan [4a, 6-bc]-
2',3'-dihydro r,5'-benzothiazepine (II), 3p-propanoyloxy-5a-cholestan [4a, 6-bc]-
2',3'-dihydro l,5'-benzothiazepine(III), 5a-cholestan[5,7-bc]-2',3'-dihydro r,5'-benzo-
thiazepine(rV), 3p-ethanoyIoxy-5a-choIestan[5,7-bc]-2',3'-dihydro r,5'-benzothia2epine 
(V), 3p-chloro-5a-cholestan [5,7-bc]-2',3'-dihydro l',5'-benzothiazepine (VI), and 5a-
cholestan [2a, 4a-bc]-2',3'-4', 5'-tetrahydro-r,5'-benzothiaze-pine-6-one (VII). 
CgHp 
(I) H 
(II) OCOCH3 
(IIOOCOCjHs 
(IV) H 
(V) OCOCH3 
(VI) CI 
(VII) 
It was anticipated that these compounds being structurally very close would 
show similar fragmentations and can be of use in characterisation of such derivatives. 
This indeed seems to be the case but at present the suggested fragmentation pathways 
remain tentative in absence of appropriate deuterated derivatives. However, this 
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deficiency is compensated to some extent by the substituents in some of these 
compounds (II, III, V & VI). 
In the first series (I-III) only the mass spectrum of 5a-cholestan [4a, 6-bc]-2',3'-
dihydro-r,5' benzothiazepine (I) has been discussed in detail and this may be 
considered as the representative model for the benzothiazepine (II, III). 
The mass spectrum of 5a-choIestan[4a, 6-bc]-2',3'-dihydro-r,5'-benzothiaze-
pine(I), (Fig. I) gave a very prominent molecular ion peak at m/z 491 (C3JH49NS). 
Other significant ion peaks were observed at n\/z 476 (M'^-CH3^458 (M^-SH) 378 
(M^ -CgH,7. side chain), 396 (M'-95, C7H11), 354 (m/z 476-C6H4NS), 282 
(C18H20NS), 244 (CisHigNS), 243 (CISHITNS), 230 (CMHIGNS), 229 (CHHISNS), 228 
(Ci4H,4NS), 163 (C9H9NS), 149 (CSHTNS), 95 (C7H1,) and lower mass peaks. The 
fragmentation leading to the formation of interesting and important ions have been 
suggested in the following Schemes. 
m/z476(M^-CH0: 
The fragment ion m/z 476 corresponds to the loss of a methyl group from the 
molecular ion. 
m/z 458 (M^-33(811)1: 
This fragment ion corresponds to the loss of mass unit 33, which is best 
regarded as the loss of SH from molecular ion. The loss of SH may occur in two phases 
i.e. first the loss of hydrogen occurs from the molecular ion as is evidenced by the 
presence of fragment ion peak m/z 490 Scheme 1. 
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Schemc-1 
Mt 491 (1') m/z 490 
Subsequently the loss of sulfur occurs to give the ion m/z 458. 
m/2 490 m/z 458 (la) 
Alternatively the fragment ion m/z 458 can be shown to arise from the 
molecular ion as in the following Scheme-2. 
Scheme-2 
(H m/z 458 (If!) 
\/-
•* »-/etc 
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It may be pointed out that ion peaks both at m/z 490 and 458 are very weak. 
m/z 3 9 6 1 M : - 9 5 1 : 
The fragment ion m/z 396 corresponds to the loss of mass unit 95 which may 
involve the loss of ring 'A' and angular methyl group at C\o according to Scheme -3. 
Scheme-3 
CgHn 
8 " ( 7 
M'491(r') 
The fragment ion peak at m/z 396 is very weak. It is expected to be so in view of the ion 
structure (lb) having two four membered strained rings. 
m/z 378 \Mt -CsHn, side chain] (Ci^Hi^NS): 
The loss of side chain is of regular occurrence in the mass spectra of steroidal 
compounds. In the present case two modes can be suggested. 
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A. Hydrocarbon fragmentation:-
CsHn 
Scheme - 4 
m/z 378 (Ic) 
B. Fragmentation due to hetero afom:-
Scheme - 5 
gni? 
;^v 
m/z378(lc''i 
This scheme can also be rewritten in a concerted manner. 
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CgHi? 
d") 
m/z378(lc') 
m/z 354 (m/z 476-122 (benzothiazepine moiety'j 
The loss of 2-aminothiophenol moiety can be shown according to Scheme-6. 
Scheme-6 
M-(I") 
CjH,, 
m/z 476 
m/z 354 (I d) 
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m/z 282 (CiRH7flNS) 
The formation of this ion m/z 282 can be considered arising by the loss of mass 
units 140 from the molecular ion followed by loss of H and mass units 68 [CsHg] are 
shown in Scheme - 7. 
Scheme-7 
- H 
m/z 351 
-CsHg 
m/z 350 (I c) m/z 282 (le-) 
But in view of the fact ion peaks at m/z 351 or m/z 350 are not discernible 
therefore this peak is suggested to be formed from the molecular ion fragmentation as 
shown in Scheme - 8. 
Scheme-8 
CRH 8"17 
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m/z 244 and 243 
m/2 282 (le) 
Perhaps the most significant ion peak in the spectrum is m/z 243. Its formation 
can be shown to occur in more than one way. One of the possibilities is the involvement 
of the ion m/z 244 (a small peak) which on one hydrogen loss can give rise to the ion 
m/z243(Scheme-9). 
Scheme-9 
(!'•) 
CgHi? 
c 
i 
H 
— H 
•N+ 
r\ 
w 
N + 
/ / ^ \ 
m/z 244 (If) m/z 243 (Ig) 
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The proposed stmcture for the ion m/z 243 agrees with the composition 
C15H17NS. However, it appears doubtful that such a strained structure having a cyclo-
butane moiety will have stability enough to be accumulated to attain such a high (%) 
relative abundance. In view of the apparent importance of the ion m/z 243 it was 
considered desirable to suggest an alternative pathway for its formation such an attempt 
has been made in Scheme-10. 
Scheme-10 
m/z 243 (Ig") 
m/z 230,229, and 228. 
These important ions m/z 230, 229 and 228 can be shown to arise according to 
Scheme-11. These ions alongwith the ion nr\/z 243 are of diagnostic value for [4a, 6-bc] 
benzothiazepines (I-III) derivatives. They are not observed in similar compound (IV-
VI) involving 5,7-benzothiazepine. 
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Scheme-11 
C«H 8ni7 
C«H 8ni7 
(I") 
m/z 230 (Ih) 
- H 
C 
\\\ 
N + 
m/z 228 
m/z 229 0 0 
Alternatively the ion m/z 229 can be shown to arise without the involvement of ion m/z 
230. 
m/z 229 (li') 
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The ion m/z 228 may result by the loss of one hydrogen from the ion m/z 229. 
Scheme-12 
m/z 228 (Ij) 
Ar? 
m/2 229(Ii') m/z 228 (Ij') 
m/z 163 
m/z 228 (Ij") 
The presence of nitrogen and sulphur in the ion m/z 163 clearly indicates that 
the steroid frame work is lost in a manner that three carbons i.e. C4-C6 remain with the 
fragment ion. This ion m/z 163 may be arising according to fragmentation proposed in 
Scheme-13 and according to this Scheme, it can also be taken as a characteristic 
fragmentation. 
Scheme-13 
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*• etc. 
m/2l63(!k) 
m/z 149 (C«H7NS): 
The fragment ion peak m/z 149 corresponds to the loss of CH2 from fragment 
ion peak m/z 163 (Ik). It may be pointed out that the ion peak m/z 149 is quite a strong 
peak which can be explained because of the fomiation of a stable six membered ring. 
Scheme-14 
S ^ J N - H 
(Ik) m/z 163 
S +N-H S N - H etc 
m/z 149 (I/) 
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ni/z95(C7HM) 
This fragment ion may occur as shown in Scheme-15 
Scheme-15 
CRH 8ni7 Cl8Hi7 
m/z95(lm) 
(I") 
Ring 'A' derivatives as {II & III) behave quite similar to the parent benzothiazepine (I)^ "^  
The mass spectrum of 3p-ethanoyloxy 5a-cholestan (4a, 6-bc)-2',3'-dihydro-
r,5'-benzothiazepine (II) (Fig 2) gives prominent molecular ion peak at m/z 549 (C35-
H51O2NS). Some significant corresponding peaks obtained are m/z 534 (M—15), 507 
(M—CH2=C=0), 489 (M^-CHsCOOH). Other significant ion peaks corresponding to I 
are obtained at m/z 474 (m/z 489 - CH3), 456 (m/z 489-SH), 436 (M-side chain, 
CgHn), 396 (m/z 489-93), 352 [m/z 474-122(benzothiazepine moiety)], 280 
(CisHigNS), 242 (CsHifiNS), 241 (CsH.sNS), 228 (CMHUNS), 227, 226 (CuHisNS), 
213 (m/z 228-CH3), 198,163,149, 93 and lower mass peaks. 
m/z 507 
The ion m/z 507 corresponds to the loss of ketene^ (CH2=C=^0) from the 
molecular ion. The peak is common in all acetate derivatives and may be shown 
according to Scheme -16. 
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^ 
c 
m/z 
N / 
3 
507 (Ila) 
Scheme-16 
CgHn 
The ion peaks at m/z 490 and 489 are also the fragments obtained by the loss of 
D 
acetate and acetic acid from the molecular ion. Other significant peaks can be 
rationalised by fragmentations described for compound (1) and can be shown according 
to the chart-1 arising from the molecular ion or from the ion m/z 489. 
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Chart-1 
O 
m/z534 -CKsfoss || 
-* H3C—CO 
-CH3COOH 
CgHn^ • 
side chain toss j ^ ^ 476 
-CH3COOH 
m/z376 
M-549(C35H5,02NS) 
-CH3COOH 
m/z 3 9 6 - * ^ 3 loss 
"^^280 ^^ 489 (C33H47NS) 
m/zl49 
- s ide chain b s s / (^SHTNS) 
m/zI63(C9H9NS) 
m/z228(C,^H/^NS) 
nVz242 nVz227 
(C,5H,6NS) (C14H13NS) 
m/z247 
(C,5H45NS) 
m/z226 
(C,4Hi2NS) 
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The mass spectra of 3p-propanoyi 5a-cholestan [4a, 6-bc] 2', 3'-dihydro-r,5'-
benzothiazepine (III) (Fig. 3) gives prominent molecular ion peak m/z 563 
(C36H53O2NS) along with other significant ion peaks at m/z 548 (N{?"- CH3), 521 (IV^ -
42, CH2= C=0), 491 (M>- 72, CH2CH2CO2), 490 (M^73, CH3CH2CO2), 489 (Mt 
-74, CH3CH2COOH), 474 (m/z 489 -CH3), 458, 456 (m/z 489-SH), 450 (Mt - side 
chain, CgHw), 396 (m/z 489-93), 378 (m/z 491-side chain), 376 (m/z 489 -side chain), 
352 (m/z 474 -122(benzothiazepine moiety)^ 280 (CigHigNS), 242 (C,5Hi6NS), 241 
(CsHisNS). 228 (Ci4Hi4NS), 227, 226 (C14H12NS), 214, 213 (m/z 228-CH3), 200, 198, 
163,149, 93 and lower mass peaks. 
The significant ions formation can be taken as similar to those explained in the 
earlier two cases and hence given in the following chart. 
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O 
m/z548 -CH3 bss ^^^^J^^ 
-C2H5COOH 
loss 
m/z 474 
-C6H4NS bss 
m/z 352 
m/z 489^ 
side chain joss „^;^45Q 
-C2H5COOH 
loss 
m/z 378 
M- 563 (C36H53O2NS) 
CSHIT"! • 
m/z 396 '*'—93 
m/z 280 
(CigHisNS) '"^^ 489 (C33H47NS) 
m/z 149 
(CgHgNS) 
m/z 163(C9H9NS) 
m/z 93 (C7H9) 
m/z228(Ci4Hi4NS) 
m/z 242 m/z 227 
(CisHifiNS) (C,4H,3NS) 
m/z 241 
(CisHisNS) 
m/z 226 
(Ci4H,2NS) 
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It is interesting to note that these spectra are closely related to each other so 
much so that the mass spectrometry can be used to identify and distinguish 4a-6bc 
benzothiazepines from other derivatives on the basis of same characteristic peaks such 
as m/z 163, m/z 228/226, m/z 244/242, m/z 95/93, m/z 282/280. 
In the second series of benzothiazepines (IV-VI) which are analogues due to 
substitution at C3 hence the mass spectrum of IV is discussed in detail as a model for 
such derivatives. 
The mass spectrum of 5a-cholestan[5,7-bc]-2', 3'-dihydro-r, 5'-benzothiazepine 
(IV)(Fig. 4} gives a very prominent molecular ion p e ^ at m/z 491 (C33H49NS) which is 
tlie base peak also. Other significant ion peaks are observed at m/z 476 (M^ - CH3), 475 
(^ A- -NH-i o^ m/r 476 -R"^ , 406 {^ - C^H^^ ,^ m (Mt - svd^ ctvam, QHrA, 296 
(C19H22NS), 283 (CigHiiNS), 282 (CigHjoNS), 281 (Ct8H,9NS), 270 (CyHjoNS), 268 
(C,7H,gNS), 267 (C,7H,7NS), 255 [(CeHnNS). (C19H27)] 243 (CijHnNS), 240 (m/z 
255-CH3), 228 (m/z 243 - CH3), 225 (m/z 24O-CH3), 212, 198, 163, 149 and other 
lower mass peaks. 
The formation of some of the significant fragments ions have been rationalized in the 
following Schemes. 
m/z 476:-
The fragment ion m/z 476 is due to the loss of a methyl groups from the 
molecular ion. 
m/z 475: 
The ion m/z 475 corresponding to the loss of 16 dalton, may be due to the loss 
of NH2, from the molecular ion or from the loss of hydrogen from the fragment ion m/z 
476. The loss of NH2 though not so common can be shown to arise according to 
Scheme-17. 
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Scheme-17 
CsH 8"i7 CRH 8"17 
(IV) 
CsH 8"I7 C«H 8"I7 
m/z475(IVb) 
The loss of hydrogen from the fragment ion m/z 476 can occur in different modes some 
of them are shown in Scheme-18. 
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Schenie-I8 
C«H 8^17 
m/z476(IVa) 
m/z476(IV'a) 
(IVc) 
8"I7 
- i t 
(IVC) 
S N 
r\ 
m/z475(IVc'") 
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m/z 406. 
The ion m/z 406 corresponds to the loss of mass unit 85 (CeHn) from the 
molecular ion which may be derived from the side chain. The loss of C6H13 from the 
side chain is not a matter of regular observation. 
m/z 378. 
The loss of side chain (CgHi;) is of regular occurrence in the mass spectra of 
corresponding cholestane series, which can be shown by two different mechanism 
according to Scheme -19 and 20. 
Scheme-19 
CfiH 8"17 
(IV) 
CRH 8^17 
H 9*^''' 
(IV") 
•CgHn 
^ 
CgH 8n|7 
H' 
m/z378(IVd) 
Scheme - 20 
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CsHi? 
C«H 8ni7 
m/z 378 (IVd') 
etc. 
The fragment ion peaks such as m/z 296, 283, 270 and 243 are interesting and 
can be taken as of diagnostic value. The ions are explained to be formed by the 
fragmentations as observed in case of steroidal 7-ones which are in support of each 
other. These fragmentations may be taken as characteristic for compound with exo-
multiple bond at position 7 in steroids. The fragmentation can be outlined as in 
Scheme 21. 
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m/z296andm/z281: 
The ion peak at m/z 296 (C19H22NS) may be fonned by the loss of side chain, 
ring D and part of ring 'C in the following manner. 
Scheme-21 
(IV) 
CsHn 
8"17 
C8H,7 
CgHj? 
- H ' 
> • 
S tN-H K 
(IVC) 
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-CHi 
•*N-H 
m/z 296 (IVf) m/2 28l 
m/z 283 and m/z 268. 
The ion m/z 283 (C18H21NS) may form the ion (IVe') which by easy loss of 
methyl radical gives rise to the fragment ion m/z 268. 
Scheme-22 
(IVe-) 
t N - H 
t N - H 
m/z 283 (IV g) 
S "^N-H 
-CH. 
(IVh)m/z268 
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m/z 282 and m/z 267: 
The formation of this ion peak m/z 282 can be shown as given in the Scheme-
23, and nVz 267 by the further loss of methyl group. 
Schcme-23 
(IV") 
-C5H8 
-CH3 
m/z 267 (IVj) 
m/z 282 (IV i) 
m/z 270 and m/z 255: 
This ion m/z 270 corresponds to the composition Ct7H2oNS and its formation 
can be shown from the ion (IVe) as outlined in Scheme-24 & 25 and m/z 255 occurs 
due to the loss of methyl group from the ion m/z 270. 
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Scheme-24 
CgHiT 
-CH3 
>-
+N-H 
(IVe) 
+N-H 
-* ^ 
m/z 270 (IV k) 
g +N-H 
•*'( etc 
/ \ 
(IV 1) 
m/z 243 and m/z 228: 
(VI I") 
This ion peak m/z 243 (C15H17NS) may arise from ion (IVe) in the following 
manner and m/z 228 from the m/z 243 by the loss of CH3 [Scheme 25]. 
Scheme-25 
(IVe) 
149 
m/z243(IVm) ^ " l ni/z 228 
m/z255 
m/z 255, m/z 240 and m/z 225: 
The ion peak at m/z 255 may arise from the fragment ion m/z 378 (IVd') also by 
the loss of 2-aminothiophenol moiety (C6H4NS) according to the Scheme-26. The 
fragment ion peak at m/z 240 arises by the loss of a methyl radical from m/z 255 while 
m/z 225 arises from the loss of 2-methyl radicals. 
Scheme-26 
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The mass spectrum of 3p-ethanoyloxy-5a-cholestan [5,7-bc]-2',3'-dihydro-r,5'-
benzothiazepine (V) (Fig 5) gives a very prominent molecular ion peak at m/z 549 
(C35H51O2NS), Other signifvcant ior\ peaks are observed at m/z 548 (HT - H), 4 9 0 ( M : -
CH3COO), 489(N^ - CH3COOH), 488 (m/z 489-H), 474 (m/z 489-CH3), 473(m/z 474-
H). 455 (m/z 488-SH), 436(Mr- side chain), 427 {U*- C6H4NS), 421 (m/z 436-CH3), 
412 (m/z 427-CH3) 409 (Mj -CH2= CHCsHi,), 408 (Mj - CH2CH2C8H17), 404 (m/z 
436-S), 403 (m/z 436-SH), 367 (m/z 427 -CH3COOH), 281 (CsHigNS), 268 (m/z 281-
CH3),267(Ci7Hi7NS),266(m/z267-HX241 (CsHisNS). 200, 197, 175, 160, 151, 148 
and other lower mass peaks. 
Apart from the fragmentation of acetate moiety other significant ion peaks 
seems to follow similar pattern as described for (IV) and these can be shown according 
to thechart-3. 
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Chart-3 
m/z548 -* 
H3C—C—O 
CH2=CH-C8H,7 
m/z409 
-CH2CH2C8H17 
m/z408 
- H 
m/z488 
-SH 
m/z474 
m'z455 
^-H 
m/z473 
-^'^^"*^'^ m/z436 ~^"^> m/z42I 
- S 
M^549(V) . 
(C35H51O2NS) \ - U H 4 N t > 
S N 
/ \ m/z241(C,5H,5NS) 
-CH3 / \ 
m/z489 
m/z267 
(C,7H,7NS) 
m/z281 \ _ H 
(ClgHigNS) \ 
-CH3 
m/z266(C,7H,6NS) 
m/z266 
(CnH,eNS) 
m/2 404 
-H 
m/z403 
The mass spectrum of 3p-chloro-5a-cholestan[5,7-bc]-2',3'-dihydro-r,5*-
benzothiazepine (VI)fFig 6]gives a very prominent molecular ion peak at m/z 527/525 
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(C33H48NSCI). Other significant ion peaks are observed at m/z 512/510 (M^ -CH3), 
49^/492 (Iv^ - SH), 491/489 (m/z 492/490 - H), 490 (M^ - CI), 489 (Nf - HClf 474 
(m/z 489 -CH3), 405/403 (M^-CeHiNS), 404/402 (m/z 405/403 - H), 389/387 (m/z 
404/402 -CH3), 387/385 (Ivjf-C8H|7CH=CH2), 382 (Ni^  - side chain + 2CH3), 376 (m/z 
489 - CgHiT, side chain), 367 (m/z 404 /402 -CI), 366 (m/z 404/402-HCl), 365 (m/z 
366-H), 350 (m/z 365 -CH3), 339, 324. 319 /317 (CigHzoNSCl), 295 (Ci9H2tNS), 292 
/290 (m/z 405 /403 -side chain), 281 (CgHigNS), 268 (CnHigNS). 253 (deHuNS), 
241 (Ci5Hi5NS).227,213.210,201,200, 196, 192, 187, 185, 175, 172, 161, 158, 156, 
135 and other lower mass peaks. 
This also seems to be giving rise to the fragments following similar 
fragmentations as already discussed and a brief account is given in chart-4. 
o 
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2is/oie — 
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- C H 
m/z 512/510 
CHi -CH-CgHn 
m/z 387/385 
-C8H17 + 2CH3 
m/z 382 
m/z 474 ^ 
Chart-4 
m/z 4%/49Z 
m/z 292/290 
-CfiRiNS 
Mt 527/525 (VI) 
(C33H48NSCi) 
- C I 
m/z 490 
-H 
—side chain 
CsH.y]' 
m/z 405/403 
m/z 319/317 (CigHjoNSCl) 
- H 
m/z 404/402 
- C I 
m/z 367 
- H 
m/z 366 
m/z252(Ci6Hi4NS) 
m/z 295 
(C,9H2,NS) 
m/z 241 
(C15H15NS) 
m/z 365 
-CH3 
m/z 350 
m/z 281 m/z 268 
(CigHigNS) (Ci7H,8NS) 
It is encouraging that these spectra can be correlated easily and hence find use in 
the characterisation of such derivatives and also for distinction with similar isomeric 
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compounds [series-1]. However, it should be taken with reservations in absence of mass 
spectral studies of suitable isotopically labelled compounds. 
The mass spectrum of 5a-cholestan[2a,4a-bc]-2',3',4',5'-tetrahydro-r,5'-
beiizothiazepin-S-one (VII)(Fig 7) gives a very prominent molecular ion peak at m/z 507 
(C33H49ONS) (100%). Other significant ion peaks are observed at m/z 506 (M.^  -H), 492 
(M| -CH3), 489 (M? -H2O). 479 (Mt -CO), 464 (m/z 479 - CH3), 431 (m/z 464-SH), 
394 (Mt- side chain, CgHn), 379 (m/z 394 -CH3), 247 (CigHaO, 246 (C14H16ONS), 245 
(C14H15ONS), 231 (m/z 246 -CH3), 230 (m/z 245 -CH3), 218 (C13H16NS), 218 (m/z 
246-CO), 217 (m/z 245-CO), 205 (CiiH,,ONS, m/z 23I-C2H2), 204 (CiHioONS, m/z 
230 -C2H2), 162 (C9H8NS), 149 (C8H7NS), and lower mass peaks. Some significant 
peaks are discussed below in detail. 
m/z 247: 
The ion peak m/z 247 arises by the loss of ring A and B with benzothiazepine 
moiety from the molecular ion and may be shown in the following manner (Scheme 
27). 
Scheme-27 
CgH|7 
8"I7 
m/z 247 (Vila) 
o in 
80S 
90S 
68*7 
o 
in 
tn 
o h o 
i n 
I-tn 
J-
ie*7 
00*7 
•76G-
08C 
ozci 
o Uo 
Z 8 3 -
092 
6S3 
S*73 
913 
'e'3H 
812 
•708 
391 G91 
681' 
SZl' 
•J9L 
6*71 
1— 
o 
o m 
o 
in m CM 
O 
J -
o 
• in 
CO 
o 
m 
h j 
i -
o 
• o 
CtJ 
.o 
m 
o 
IS 
Uo 
tn 
;ui May 
156 
in/z246andni/z218: 
The ion peak m/z 246 arises from the molecular ion (VII") by the loss of the 
side chain, ring D, ring C and part of ring B in the following manner (Scheme-28) and 
m/z 218 arises from the loss of CO (28) from the ion m/z 246(VIIb) 
Scheme - 28 
(VII") 
H 
H 
0+ 
m/z246(VIlb) 
—CO 
H 
S'""" 
m/z218(VIIc) 
8»17 
m/z 245.m/z 217 and m/z 216: 
The ion m/z 245 (C14H15ONS) arises from the molecular ion (VII") as shown 
in Scheme 29 and m/z 217 arises by the loss of CO from the fragment ion m/z 245, 
while m/z 216 arises by the loss of a hydrogen from the ion m/z 217 (Vllf) 
Scheme-29 
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C«H,7 
\ K 
C^' 
m/z 245 (Vlld) m/z2l7(VIIf) nVz2I6(VIlg) 
-CH3 
m/z 230 (VII e) 
m/z 231,m/z 230 ,m/z 205 and m/z 204: 
The ion peak m/z 231 may be shown to arise due to the loss of CH3 radical from the 
ion m/z 246, which appears to loose a hydrogen to give rise to the ion m/z 230, 
while m/z 205 and m/z 204 arise by the loss of acetylene from the ion m/z 231 and 
m/z 230 respectively. 
Scheme-30 
m/z 246 m/z 231 (VII h) 
- C H = C H 
m/z205(VIIj) 
nVz230(VIIi) 
- C H = C H 
m/z 204 (VII k) 
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m/z218:-
The ion peak m/z 218 arises by the loss of side chain , ring D, ring C and ring B as 
shown in Scheme (31) 
Schenie-31 
(VIl") (VII") 
m/z2l8(ViII) 
m/z 162 
The ion peak m/z 162 may arise according to fragmentation pattern proposed in 
Scheme 32 and according to Scheme it can also be taken as a characteristic 
fragmentation .This peak (83.3%) is the second strongest after the molecular ion peak 
(which is the base peak ) and the ion is highly stabilized by resonance explaining the 
abundance of the peak. 
Scheme -32 
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CgH]? 
S 
(vir-) 
a> etc 
m/zl62 
H 
m/z 149 
This ion peak m/z 149 (CSHTNS) 50%(Vnj) also arises from the molecular ion (VIl"') 
in the manner shown in Scheme (33). This peak is also quite a strong peak and its 
structure also seems to be resonance dependent. 
Scheme-33 
m/zl49(VIIn) 
H 
// W 
I 
H 
O 
etc 
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The fragmentation suggested are only tentative and should be taken of limited 
value unless some more similar compounds are also studied. 

161 
Experimental 
The mass spectra were measured on Joel JMS -D 300 at 70 ev .Using direct 
insertion technique at source temperature of 250 °C. 
The benzothiazepine derivatives (I-IIl'^, IV, V and VIl" were prepared 
following the literature procedure . 
The values m/z of the fragment ion from various compounds are tabulated 
below. The values in parentheses are the relative abundance (%) of the peaks with 
respect to base peak taken as 100%. 
1. 5a-cholestanf4a, 6-bc]-2'3\-dihvdro-l\5*-benzothiazeninc (I). 
493 (13.7), 492 (35.0), 491 (M^, 100.0), 476 (5.0), 458 (3.1), 396 (3.2), 378 (2.0), 
368 (2.5), 354 (7.2), 282 (1.5), 244(4.7), 243 (31.9), 230 (2.7), 229 (4.1), 228(10.5), 
214 (2.2), 200 (3.2), 188 (6.2), 186 (2.7), 175 (4.2), 163(8.2), 162 (8.1), 150 (9.1), 
149 (23.7), 136 (8.2), 135 (5.5), 133 (3.7), 131 (3.3), 125 (3.1), 123 (2.8), 121 (4.1), 
119 (4.2), 110 (3.5), 109 (5.2), 107 (6.5), 105 (8.2), 95 (22.2), 93 (9.5), 91 (8.2), 83 
(5.2), 81 (11.2), 79 (8.0), 77 (4.7), 71 (7.7), 69 (9.7), 67 (7.7), 57 (14.5), 55(17.7), 
43(19.7), 41 (14.2). 
2) 3P-ethanovloxv 5a-cholestan f4a, 6-bcl, 2\ 3*-dihvdro r,5'-benzothiazepine 
(ID: 
551 (11,9), 550 (40.4), 549 (M^ 100.0), 534 (1.2), 507 (13.8), 490 (26.6), 489 (56.9), 
474 (30.4), 456 (4.5), 436 (2.1), 435 (2.0), 396 (2.1), 376 (2.0), 352 (11.4), 280 (2.1), 
262 (2.1), 244 (8.5), 242 (11.4), 241 (28.8), 228 (7.6), 227 (2.8), 226 (9.7), 219 (2.6), 
200 (7.3), 199 (7.4), 198 (7.6), 188 (2.8), 186 (3.5), 163 (9.3), 149 (28.8), 136 (15.5), 
130(5.0), 124 (4.5), 120 (4.2), 108 (4.1), 105 (8.3), 103 (83), 101 (13.1), 95 (14.1), 93 
162 
(18.6), 91 (18.5), 83 (5.7), 81 (12.1), 79 (9.1), 77 (6.9), 71 (9.7), 69 (14.1), 67 (9.2), 
60 (4.8), 57 (26.2), 55 (28.6), 45 (9.2), 44 (11.4), 43 (49.8). 
3) 3P-nroDanoYloxv-5a-cholestan [4a, 6-bc]-2', 3'-dihvdro r,5'-bcnzothiazenine 
gin, 
564 (10.0), 563 (M.\ 100.0), 548 (2.0), 521 (0.5), 491 (12.0), 490 (27.5), 489 (17.5), 
476 (3.5), 474 (6.3), 458 (9.5), 456 (26.5), 450(1.0), 442 (1.7), 440 (2.5), 437 (2.0), 
396 (0.75), 378 (2.0), 376 (0.75), 352 (3.5), 334 (12.5), 330 (1.75), 304 (1.0), 282 
(1.0), 280 (1.0), 266 (1.0), 253 (1.5), 242 (2.0), 241 (2.5), 228 (6.2), 214 (3.5), 212 
(1.7), 200 (2.7), 198 (2.8), 188 (9.5), 175 (3.0), 163 (5.5), 149 (9.5), 136 (13.3), 124 
(7.0), 109 (5.5), 107 (5.7), 105 (6.0), 95 (11.5), 93 (11.8), 91 (7.5), 83 (6.0), 81 (11.2), 
79 (7.0), 71 (14.5), 69 (14.6), 67 (7.5), 57 (23.5), 55 (23.5), 43 (22.5). ,^_, 
4) 5a-cholestan[5,7-bcl-2'3'-dihvdro-l',5'-benzothiazenine (IVyp 
493 (9.1), 491 (Ms 100.0), 476 (15.8), 474- (48.1), 406 (4.6), 378 (2.1), 318 (2.0), 
296 (1.0), 295 (8.0), 283 (2.7), 282 (2.8), 281 (2.8), 270 (4.1), 268 (7.3), 267 (10.3), 
255 (6.9), 254 (6.8), 241 (4.1), 228 (2.8), 227 (2.7), 225 (2.5), 212 (1.8), 198 (1.6), 
194 (1.5), 176 (1.6), 165 (1.7), 163 (1.5), 161 (1.8), 149 (1.9), 147 (1.8), 136 (5.1), 
124 (2.1), 121 (2.2), 108 (4.S), 105 (7.1), 95 (6.7), 93 (3.2), 91 (9.4), 81 (7.1), 79 ^ 
(7.1), 57 (12.6), 55 (9.1), 43 (24.1), 41 (11.5). 
(5) 3B-ethanovloxv 5a-cholestan t5,7-bc]-2'J'-dihvdro-r,5'-benzothiazepine C 
550 (0.8), 549 (M "^, 1.8), 492 (0.25), 491(0.37), 490 (0.69), 489 (0.75, 488 (0.12), 474 
(0.07), 473 (0.13), 455 (0.06), 436(0.4), 427 (0.25), 421 (0.43), 412 (0.23), 409 (0.36), 
408 (0.69), 404 (0.13), 403 (0.10), 367 (2.7), 281 (1.3), 268 (1.3), 267 (5.0), 266 (3.7), 
241 (7.5), 200 (8.7), 197 (22.5), 175 (10.0), 165 (17.5), 162 (8.7), 160 (13.0), 151 
(12.7), 148 (22.5), 140 (5.0), 136 (7.5), 133 (12.7), 124 (9.2), 119 (35.0), 118 (22.5), 
163 
99 (18.0), 98 (100.0), 96 (15.0). 93 (17.5), 92 (15.7), 90 (17.5), 84 (32.0), 80 (20.0), 
76 (12.5), 70 (55.0), 68 (37.5), 56 (77.5), 54 (49.0), 43 (62.5). 
(6) 3(3-chloro-5a-cholestan [5,7-bcl-2'3'-dihvdro-r,5'-benzothiazcpinc {\\t^ 
527 (20.0), 525 (46.1), 512 (0.89), 510 (2.2), 492 (4.6), 491 (7.7), 490 (18.4), 489 
(12.3), 474 (2.3), 405 (2.0), 404 (1.3), 403 (2.2), 402(4.4), 389 (0.88), 387 (2.4). 385 
(5.7), 382 (7.6), 376 (1.3), 367 (6.1), 366 (10.0), 365 (6.9), 350 (3.1), 339 (1.5). 324 
(0.78), 319 (0.49), 317 (1.2), 301 (3.3), 297 (0.58), 292 (0.59), 290 (3.3), 288 (8.8). 
281 (1.2), 274 (2.5), 268 (3.9), 260 (1.5), 252 (4.9), 246 (5.5), 241 (3.7), 227 (4.5), 
213 (4.6), 210 (3.4), 201 (5.1), 200 (5.3), 196 (4.7), 192 (4.8), 187 (5.9). 185 (11.3), 
175 (5.9), 174 (6.5), 172 (5.9), 161 (11.8), 158 (9.7), 156 (10.5), 148 (32.3), 144 
(14.2), 142 (15.1), 135 (100.0), 124 (64.6), 118 (15.3), 108 (18.5), 106 (26.1), 104 
(26.2), 94 (26.1), 92 (33.0), 90 (28.4), 80 (46.1), 71 (29.2), 69 (27.6), 57 (76.9), 55 
(53.8), 43 (73.8), 41 (64.6). 
(7) 5a-choicstanf2a,4a-bcl-2'3'.4\5'-tetrahvdro-l\5'-benzothiazeninc 6-one (VII)^ 
508 (36.0), 507 (M\ 100.0), 506 (3.1), 492 (3.7), 489 (1.4), 479 (8.9), 464 (0.9), 431 
(5.6), 400 (8.4), 394 (1.8), 382 (1.4), 381 (1.5), 380 (1.4), 370 (1.1), 287 (2.3), 260 
(0.6), 259 (1.2), 247 (1.4), 246 (2.1), 245 (4.2), 231 (1.6), 230 (l.l) , 218 (2.8), 217 
(2.3), 216 (4.7), 207 (2.8), 206 (2.8), 205 (11.2), 204 (14.9), 190 (3.7), 189 (4.6), 176 
(2.8), 175 (4.2), 164 (6.5), 163 (17.7), 162 (79.6), 150 (7.4), 149(73.8), 136 (5.6), 124 
(6.6), 121 (5.1), 109 (6.1), 107 (6.1), 105 (5.1), 95 (8.4), 93 (7.9), 81 (8.9), 69 (8.9), 
57 (14.0), -SS (16.4), 44 (39.3), 43 (25.5). 
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